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PREFACE. 


The  comparative  method,  the  introduction  of  the  teach- 
ings of  embryology  and  of  the  welding  principles  of  evolution 
as  part  of  the  essential  structure  of  zoology,  may  be  said  to 
have  completely  revolutionized  that  science;  and  there  is 
scarcely  a  text-book  treating  of  the  subject,  however  element- 
ary, which  has  not  been  molded  in  accordance  with  these 
guiding  lines  of  thought.  So  far  as  I  am  aware,  this  can 
not  be  said  of  a  single  book  on  the  subject  of  physiology. 
Feeling,  therefore,  that  the  time  hatl  come  for  the  appearance 
of  a  work  which  should  attempt  to  do,  in  some  degree  at 
least,  for  physiology  what  has  been  so  well  done  for  morphol- 
ogy, the  present  task  was  undertaken.  But  there  were  otlier 
changes  which  it  seemed  desirable  to  make.  I  think  any  out' 
who  will  examine  the  methods  and  reasoning  of  the  physi- 
ology of  the  day  will  not  fail,  on  close  scrutiny,  to  recognize 
a  tendency  to  speak  of  certain  conclusions,  for  various  organs 
(and  functions),  as  though  they  applied  to  these  organs  in 
whatever  group  of  animals  found,  or,  at  all  events,  for  man, 
no  matter  what  the  species  of  the  animal  that  had  been  ex- 
perimented upon.  For  some  years  I  have,  in  publications  of 
my  0B^!  original  researches,  strongly  protested  against  such 
methods  as  illogical.  I  am  wholly  at  a  loss  to  understand 
how  a  work,  built  upon  the  most  fragmentary  and  hetero- 
geneous evidence,  derived  from  experiments  on  a  few  groups 
of  animals,  or  a  certain  amount  of  human  clinical  or  patho- 
logical evidence,  can  be  fittingly  termed  a  treatise  on  "  human 
physiology."    It  will  scarcely  he  denied  that  conclusions  such 
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as  this  method  implies  would  not  be  tolerated  in  the  subject 
of  morphology. 

While  in  the  present  work  what  is  strictly  applicable  to 
other  animals  and  to  man  has  not  always  been  kept  apart, 
an  effort  has  been  made  throughout  to  be  cautions  in  all  the 
conclusions  drawn — a  state  of  mind  warranted  by  the  past 
history  and  the  present  tendencies  of  physiology.  Until  our 
laboratory  methods  become  more  perfected,  the  comparative 
method  more  extensively  applied,  and  conclusions  drawn  from 
" experiments"  modified  by  comparison  with  the  results  of 
clinical,  pathological,  and  all  other  available  sources  of  infor- 
mation, I  feel  convinced  that  we  are  called  upon  to  teach 
cautiously  and  modestly. 

Treating,  as  we  do  in  our  books,  ea«h  subject  in  a  separate 
chapter,  there  is,  as  I  know  by  observation,  the  greatest  danger 
that  the  student  may  get  the  idea  that  each  function  of  the 
body  is  discharged  very  much  independently ;  accordingly, 
there  has  been  throughout  a  most  persistent  effort  made  to 
impress  the  necessity  for  ever  remembering  the  absolute  de- 
pendence of  all  parts.  Unless  this  be  thoroughly  infused 
into  a  student,  it  is  impossible  that  he  can  ever  understand 
the  wide  world  of  natural  objects,  or  the  narrower  one  of  un- 
natural (in  a  sense)  organisms,  as  seen  in  the  hospital  ward. 

Recognizing  how  important  it  is  to  teach  the  young  stu- 
dent to  become  an  observer  and  an  investigator  in  spirit  and 
in  some  degree  in  fact,  only  such  treatment  of  elaborate 
methods  has  been  introduced  as  will  enable  him  to  form  a 
general  acquaintance  with  the  modes  in  which  laboratory 
work  is  carried  on,  while  simple  ways  of  verifying  the  essen- 
tial truths  of  physiology  have  been  constantly  brought  before 
him.  As  to  how  far  these  are  actually  carried  out  will  de- 
pend not  a  little  on  the  teacher.  The  student  who  learns  thus 
to  observe  and  to  verify  will  not  fail  to  apply  the  method  in 
his  future  career,  whatever  that  may  be — whether  medical  or 
other — nor  ia  he  so  likely  to  throw  his  physiology  overboard 
as  a  useless  cargo  as  soon  as  his  primary  examination  has 
been  passed. 
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By  freqnently  calling  attention,  ns  luis  been  done  tlirouKh- 
out.'to  actually  disfovt'ruil  or  puioiiblc  JifT<.'reticf»  in  fuuctum 
fnr  rlitTorcnt  gi'ou|i«  of  animuls,  it  is  iMiIioveil  that  the  student 
will  become  {losseeeed  of  a  spirit  of  cauiiou  in  drawing  con- 
clu«inn»  tlint  will  fit  him  the  bettor  for  tho  LospiUil  ward  in 
unotlu^r  »*sppot,  vise,  thut  he  will  be  prL-parwl  for  thoM)  indi- 
vidunl  (lifTorences  at^tually  existing,  and  which  ^evm  to  have 
bw>n  largely  ignon><)  in  so  many  works  on  physiology,  with 
tbi)  natiiml  coni«0]uence  that  the  student,  nut  finding  hie 
physiology  sijuaring  with  tin-  fat-ls  of  the  clinique,  and  not 
being  propari'd  for  the  Kituiition,  the  result  is  disappointment 
and  disgust,  instead  of  the  lu-tual  continuation  of  the  study, 
esj>e<rial]y  as  human  irbysiulogy. 

Witli  a  view  of  widening  the  etudent'e  field  of  vision,  sec- 
tions, under  the  heading  "  Special  Considerations,"  have  been 
)ntrodu(.-e<l,  which  it  is  hoped  will  not  fail  to  interest  and 
stimulate. 

U'lst  t^nchers  of  exporienc«t  will  welcome  the  summary 

with  which  each  chapter  conclud<^«.     tn  couiioction  with  no 

LAubjuct  [K'rliiipit  can  the  art  of  generuliiiiug  be  better  taught 

[than  with  physiolog>',  and  to  this  end  thew  brief  synoptical 

[MCtionn  will,  it  is  thought,  prove  helpful. 

Systematic  instruction  in  either  macroscopic  or  microscopic 
anatomy  Iioa  not  been  undertaken — in  fact,  can  not  be  at- 
tempted, it  is  believed,  except  ut  the  expense  of  physiology 
proper— in  a  work  of  moderate  compase.  At  the  same  time 
attention  has  ht-en  cttlled  to  those  jioints  which  have  a  special 
bearing  on  each  function,  and  a  numlier  of  illustrations  have 
been  iiuerted  with  this  object  in  view. 

Tho  introduction  of  the  subject  of  development  at  so  early 
a  stage  is  a  departure  that  calls  for  a  word  of  explanatiun. 
An  nttt^impt  has  been  made  to  use  embryohijticnl  fnct«  to 
throw  light  upon  the  liifferent  functions  of  the  body,  and 
ztally  their  relations  and  interdofiendence.  It  therefore 
became  necessary  to  treat  the  subject  early.  It  is  expected, 
liowev^M",  that  the  student  will  return  to  it  after  reading  the 
ling  chuptoris  of  the  work. 
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As  80  large  a  proportion  of  those  who  enter  upon  the 
study  of  medicine  begin  their  career  without  any  adequate 
preparation  in  general  biology,  the  subject,  as  presented  in 
this  work,  will,  let  me  hope,  meet  an  actual  need,  and  prove 
helpful  in  attaining  a  broad  and  sound  view  of  the  special 
doctrines  of  biology. 

It  is  scarcely  necessary  to  remark  that  clinical  and  path- 
ological facts  have  not  been  introduced  with  the  view  of 
teaching  either  clinical  medicine  or  pathology,  but  to  indi- 
cate to  the  student  how  his  physiology  bears  on  his  profes- 
sion, and  how  the  above-mentioned  subjects  throw  light  upon 
physiology  proper  and  lend  interest  to  that  subject. 

My  aim  has  been  to  make  the  bOok,  from  first  to  last, 
educative;  and,  retaining  a  vivid  recollection  of  the  severe 
strain  put  upon  the  memory  of  the  medical  student  by  our 
present  method  of  crowding  so  much  into  at  most  four  years 
of  study,  an  attempt  has  been  made  to  avoid  overloading  the 
book  with  mere  facts  or  technical  details,  as  well  as  to  pre- 
sent the  whole  subject  in  as  succinct  a  form  as  is  compatible 
with  clearness.  Recognizing,  too,  the  very  shifting  character 
of  physiological  theories,  the  latter  have  generally  been  pretty 
well  kept  apart  from  the  actual  facts. 

It  is  hoped  that  the  abundance  of  the  illustrations  will 
prove  more  acceptable  than  would  lengthy  treatment  of  sub- 
jects in  the  text,  for,  if  the  matter  of  a  book  is  to  be  digested 
and  assimilated,  either  by  the  student  of  general  biology  or 
by  the  hard-worked  medical  student,  it  must  not  be  bulky. 

The  illustrations  have  been  chosen  from  the  best  available 
sources,  and  the  authorship  of  each  one  duly  acknowledged 
in  the  body  of  the  work.  Several  original  diagrams,  such  as 
I  find  exceedingly  useful  in  my  own  lectures,  havo  been  in- 
troduced. 

This  book  is  really  an  embodiment  of  my  own  course  of 
lectures,  as  given  during  the  past  two  years  more  especially, 
and  with  the  highest  satisfaction,  I  think  it  may  be  said,  to 
both  students  and  teacher. 

I  have  unbounded  confidence  in  the  plan  of  the  work,  and 
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I  trust  that  its  newness  may  excuse,  to  some  degree,  any 
shortcomings  in  the  execution.  Such  a  book  has  become  a 
necessity  to  myself,  and  it  is  hoped  will  be  welcomed  by 
others.  I  trust  the  work  may  prove  suitable,  not  only  for 
the  student  of  human  medicine,  but  for  the  increasing  num- 
ber of  students  of  comparative  or  veterinary  medicine,  who 
may  desire  a  broad  basis  for  the  study^  of  disease  in  the 
various  animals  they  are  called  upon  to  treat.  I  have  en- 
deavored to  make  the  work  specially  acceptable  to  the  stu- 
dent of  general  biology. 

It  only  remains  for  me  to  crave  the  indulgence  of  all 
readers,  and  to  thank  my  publishers,  Messrs.  D.  Appleton  & 
Co.,  for  their  uniform  courtesy  and  the  great  pains  they  have 
taken  to  present  the  work  in  worthy  form. 

Wesley  Mills. 

PliVBlOLOOIOL    LABOKtTOBV,    McGiLL    UhIVKRHITY, 

Montr  tiL,  Srplember,  1SS9. 
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GENERAL  BIOLOGY, 

INTBODOCTION. 

BioUlov  ifftM,  Ufa;  Ji<7«,  a  dl«Bortation)  is  tho  scioncw 
whiub  tr«ats  of  the  nnttiru  nf  liviii};  thinffn;  nmi,  sinou  tliu 
properties  of  plants  und  uiumalMciiii  uot  bu  i<xpluiii<>(I  witliuut 
flomu  knowledge  of  their  fumi,  this  eciunoe  incluilDX  murphol- 
ogf  (fMp^,  foi-m ;  Aoyoc,  a  disxortatioa)  U8  woU  as  ptiystology 

Morphology  desorihci*  the  various  forms  of  living  tilings 
and  th(rir  piirt«;  physiology,  thoir  action  or  function. 

GL-nunU  biology  troatx  nvithcr  of  aiiiiunlii  iior  plants  oxcla- 
sivoly.  Il«  proviur^o  in  nt<itht.M' zuiilugy  uor  bittuny;  but  it  at- 
tempts to  dofiuci  n-tittt  is  cummun  to  all  liviiiji;  things,  IXs  aim 
is  to  determine  tho  properties  of  orgiinif  boinga  an  amrh,  rather 
than  to  classify  or  to  give  an  exhaustive  account  of  either  ani- 
mals or  plants.  Manifestly,  before  this  can  be  done,  living 
things,  both  animal  and  vegetable,  mn.it  be  carefully  compared, 
Rthnrwise  it  wonht  be  ini|io$«sible  to  recognize  differenct-s  and 
rt^jnibiiuK-es;  iti  other  wonis,  to  ascertain  what  they  have  i» 
common. 

Whon  only  tbo  highest  animals  and  plants  are  coutom- 

pIato<l,  the  differences  between  them  seem  so  vast  that  they 

•p[iesr  to  have,  at  first  sight,  nothing  in  common  but  that  they 

are  living:  tietween  a  tree  and  a  dog  an  infant  can  diwrrimi- 

nate;  bnt  there  are  microscopic  forms  of   life  that  thim  far 

defy  Ihe  most  learned  to  say  whether  thoy  belong  to  tho  a«i- 

oiol  or  the  vegetable  world.     As  we  descend  in  the  organic 

Mrios,  the  lines  of  distinction  grow  fainter,  till  thoy  seem 

finally  to  all  but  disnpiH-iir. 

But  let  u«  (irst  in<iuiiv:  What  are  the  determining  charac- 
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toristics  of  livinR  things  »a  such  ?    By  what  harriers  bto  the' 
auimAto   uiul  imniiiiintu  worUU  si-parutecl  ?     Tu  doviilu   tliiB, 
tails  within  the  province  of  gv iiorul  biulogy. 

Living  thinj^  gruvf  by  int«rsliti(il  udditions  of  partideaof 
matter  lierivwl  from  witLuut  ami  traiisforuieil  into  tlicir  own 
Hiibtttance,  whiln  inanimato  bodiiw  incrcaee  in  size  by  atiperfl* 
cial  additions  of  matter  ovor  which  thoy  have  no  power  of 
decoiu position  and  recompuBition  so  as  to  make  them  liko 
thpm»i'Ivi'!3.  Among  lifeless  objectR,  cryalals  appronoli  near- 
est t*»  living  foriiLs;  but  the  crystal  builds  itself  up  unly  fronij 
material  iu  solution  of  the  same  rheiuical  composition  us  it«cl 

Thfohuniical  fonslitutiunof  living obji'i't«  JK  puculiar.  Car- 
bon, Iiydrofjen,  oxygen,  and  uitrugL>n  ure  i-ombinud  into  a  very 
complex  whole  or  molecule,  ax  protutn :  and,  when  in  com- 
binatiftn  with  a  large  proportion  of  water,  constitute  the  basis 
of  all  life,  animal  and  vegetable,  known  as  protoplaspi.  Only 
living  things  can  manufacture  this  substance,  or  even  protoin. 

Again,  in  the  very  nature  of  the  rase,  protoplasm  is  oon- 
tinunlly  wasting  by  a  process  of  oxidation,  and  Ixdng  built  up 
from  tfimpli-p  cliemical  forms.  Carbon  liiusidu  is  an  iuvariable 
product  of  ihiH  waittf  and  oxidation,  wbilv  tho  rest  of  the  car- 
bon, thi*  hy<]rog«iu,  oxygen,  and  nitrogen  are  givon  hack  to  the 
inorganic  kingtlom  in  simpler  forms  of  combination  than  those 
in  wliich  they  exist  in  living  beings.  It  will  thus  be  evident 
that,  while  the  Hame  of  life  continues  to  bum,  there  is  nonstnnt 
chemical  and  physical  change.  Matter  is  being  continuous]] 
taken  from  the  world  of  things  that  are  without  lifo,  tra 
formed  into  Ii\ing  things,  and  then  after  a  brief  oxiidvnoe  in 
that  form  returned  to  the  source  from  which  they  were  origi- 
nally  derivotl.  It  is  true,  all  animuls  mjuiro  their  food  in  or- 
ganizod  form — that  i»,  they  either  feed  on  animal  or  plant 
forms;  but  the  latter  derive  their  nourishment  from  tho  soil 
and  the  atmosphere,  bo  that  tlie  above  statement  is  a  scientific 
truth. 

Another  highly  characteriatic  property  of  all  living  things 
is  to  be  sought  in  their  periodic  changi>8  and  vfry  limited  dura- 
tion. Every  nninml  and  plant,  no  matter  what  its  rank  in  the 
scale  of  oxisU.'Uc«,  begins  in  a  simple  form,  passes  through  a 
3orie«  of  changes  of  varying  degrc««  of  complexity,  and  finally 
declines  and  dies;  whieh  simply  uieAus  that  it  rejoins  tho  in- 
animalv  kingrlom;  it  pHii«es  into  another  world  to  which  it 
formerly  belonged. 

Living  tilings  alone  give  rise  to  living  things;  protoplasm 
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aloQO  can  hegvt  protopliism ;  c«Il  bogAls  ci'U.  Omne  animal 
[anima,\jfe)  ex  ovo  applk-s  n-itli  a  witlt.-  interpretation  to  nil 
living  forms. 

Frum  irhat  liaa  been  said  it  will  appear  that  life  is  a  condi- 
tion of  oeoHeless  cliaag&  Many  of  the  nioTenienta  of  tlie  pro- 
toplasm L-oinpciciiiiK  the  o^ll-unit!<  nf  whirh  living  bi-iu}^  are 
Duule  are  \isi)>W  under  the  microscope;  lh«ir  uiiitul  uiTt>ctK  are 
open  to  commoQ  observation — aa,  for  example,  in  the  move- 
ments of  animals  giving  ri«u  to  locomotiou  veu  havu  thi?  joint 
rasult  of  the  movemeuls  of  the  protoplasm  cunipo^iiie  millions 
of  muticl(MX>ll8.  But,  t>eyoud  the  powera  of  any  microscope  that 
has  been  or  probably  ever  will  be  invented,  there  are  molecular 
movements,  ceaseless  as  the  flow  of  time  itself.  All  theproceeites 
which  make  up  the  lifo-ht8tory  of  organisms  involve  this  mo- 
lecular motion.  The  ebb  and  flow  of  the  title  may  symlKilizo 
the  influx  and  efflux  of  the  thingx  that  belong  to  the  innuimato 
world,  into  and  out  i>f  the  tbingK  that  Uvow 

It  follows  from  this  essential  instability  in  living  forms  that 
life  must  involve  a  constant  struggle  against  forces  that  tend 
to  deslmy  it;  at  best  this  contest  is  maintained  successfully  for 
but  a  few  years  in  all  the  highest  grades  of  being.  So  long  as 
a  certain  equilibrium  can  be  maintained,  so  long  may  life  con* 
tinue  and  no  longtT. 

The  truths  t^ttit^'d  above  will  be  illustruted  in  the  simpler 
forms  of  plants  and  aninmls  in  the  ensuing  pagvs,  and  will  bo- 
come  clearer  as  each  chapter  of  this  work  is  perused.  Tliey 
form  the  fundamental  tan's  of  general  biology,  and  may  bo 
formulated  as  follows : 

I.  Living  matter  or  protoplasm  is  characterized  by  its  chem- 
ical composition,  iMiing  maile  up  of  carbon,  hydrogen,  ot{fgen, 
and  ni/roycH.  arranged  into  it  very  complex  molecule. 

'i.  Its  univunyil  and  constant  wa.fto  and  it.s  repair  by  inter- 
titial  formation  of  new  matter  similar  to  the  old. 

3.  Its  power  to  give  ris«  to  new  forms  similar  to  the  parent 
ones  by  a  process  of  division. 

i,  It«  manifestation  of  periodic  changes  constituting  devel- 
opment, decay,  and  death. 

Though  there  is  little  in  relation  to  living  beings?  which 
may  not  be  appropriately  set  down  under  zuology  or  Wtany,  it 
tends  to  breadth  to  have  a  ttcience  of  general  biology  which 
deals  with  the  properties  of  things  simply  as  living,  irrespective 
ver)*  much  aa  to  whether  they  In-long  to  the  realm  of  animals 
or  plants.    The  relation  of  the  sciences  which  may  be  regarded 
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as  subdivTsiona  of  general  biology  is  well  shown  in  the  follow- 
ing table :  • 

Anatomy. 

The  science  of  atructura ;  the 
term  being  usually  ap- 
plied to  the  coarser  and 
more  obvious  composition 
of  plants  or  animals. 

Sielologi/. 

Microscopical        anatom;. 

The  ultimate  optical  an- 
alysis of  structure  by  the 
aid  of  the  microscope ; 
eeparoted  from  anatomy 
only  as  a  matter  of  con- 
venience. 


Biol- 

The 
science 
of  liv- 
ing 
things ; 
1.  e.,  of 
matter 
in  the 
living 
state. 


Kor- 

phol' 


le 

science 

of 
form, 

struct- 
ure, 
etc. 

Essen- 
tially 

statical. 


Phyri- 

ology. 

The 

science 

of 
action 

or 
func- 
tion. 
Essen- 
tially 
djT]  am- 
ies!. 


Taxonomy. 

The  classification  of  living 
things,  based  chiefly  on 
phenomena  of  structure. 

Ditlribulion. 

Considers  the  position  of  liv- 
ing things  in  space  and 
time  ;  their  distribution 
over  the  present  face  of 
the  earth  ;andtbeirdistrt- 
bution  and  succession  at 
former  periods,  as  dis- 
played in  fossil  remains. 

Embryology. 
The  science  of  development 
from  the  germ ;  includes 
many  miied  problems 
pertaining  loth  to  mor- 
phology and  physiology. 
At  present  largely  mor- 
phologicaL 

Physiology. 
The  special  science  of  the 
funciiona  ot  the  individ- 
ual in  health  and  in  dis- 
ease :  hence  including 
Pathology. 

Psychology. 
The  science  of  mental  phe- 
nomena. 

Sociology. 
The   science  of  social  life, 
i.  e.,  the  life  of  conimuni- 
ties,  whether  of  men  or 
of  lower  animals. 


Botany. 

The 

science 
of  veg- 
etal 
living 

matter 

or 
plants. 


Zo0l- 

^■ 

The 

science 
of 

animal 
living 
matter 

or  ani- 
mals. 


Biol- 

K 

science 
of  liv- 
ing 
things ; 
i.  e.,  of 
matter 
in  the 
living 
state. 


•Taken  from  the  "  General  Biology"  of  Sedgwick  and  Wilson. 
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THE  CELL,* 

All  livijiff  thintffi,  grwil  ami  >;maI1.  ure  cmnposeil  of  cells, 
AnimalH  may  bo  dividud  into  llmso  consist iii){  of  a  sinjoile  cell 
{Protozoa),&ud  those  made  up  af  a  multitude  of  cells  (Mrtazon)% 
but  in  every  case  the  animal  l>effiiJ8  as  a  single  cell  or  ovum 
from  which  all  the  other  cells,  however  dirterent  linally  from 
on**  another  either  in  forra  or  function,  are  derived  by  procesaes 
)f  growth  and  divistoa ;  and,  as  vrill  be  seen  later,  the  whole 
brganism  is  at  ont^'  period  made  up  of  t-olU  prm^ticnlly  aliko  in 
structure  and  hehavior.  Tlio  history  of  eiich  individual  iitdnml 
or  plant  is  lhi<  rttsullaot  of  thu  conjoint  hiiitonLvi  of  (.•uch  of  it« 
cells,  B8  that  of  a  nation  lA,  when  complutv,  thu  tttory  of  tho 
total  uutcomu  of  Ihi-  lives  of  the  individunU  composing  it. 

It  becomes,  therefore,  highly  iniportAht  that  ii  clear  notion 
of  the  clukractora  of  tlio  cell  he  obtained  at  the  utitset ;  and 
this  chapter  will  Iw  devoted  to  presenting  a  gt.<nt'rul  account  of 
the  cell. 

The  <<eU,  whether  animal  or  vegetable,  in  its  most  complete 
^orm  coiiBists  of  a  mam  of  viscid,  »emil1iiid,  transparent  sub- 
iUce{praloptasm),a  cell  wall,  ami  a  more  or  JK-tscircularbiMly 
[ntirlftm)  nituated  generally  centrnlly  within;  in  which,  again, 
is  found  a  similar  structure  (nucJeotus). 

This  de-scription  applies  to  both  the  vegc-table  and  the  ani- 
nuil  ctdl ;  but  the  student  will  find  tlint  the  greater  proportion 
of  animal  cells  havi'  no  ct'tl  wall,  and  that  very  few  vegetable 
cells  are  without  it.  But  there  is  this  great  difference  between 
tthe  animal  and  vegetahlp  cell :  the  former  never  has  a  celliitijitf 
rail,  while  the  latter  rarely  lacks  such  a  covering.  In  every 
the  ooll  wall,  whether  in  animal  or  vegetable  cells,  is  of 
^greater  consistence  than  the  rest  of  the  cell.  This  is  especially 
true  of  thu  vu^ulublu  cell. 

It  is  doubtful  whether  there  are  any  cells  without  a  nucleus, 
while  not  a  few,  especially  when  young  and  most  active,  pos- 
sess several.  The  circular  form  may  be  regarded  as  the  typical 
^form  of  both  cells  and  nuclei,  and  their  infinite  variety  in  size 
ad  form  may  !>»  considcrwl  as  in  great  part  the  result  of  the 
ion  of  mechanical  forces,  such  as  mutual  pressure:  this  is, 
jf  course,  more  eifpeciiilly  true  of  shft|>e.  Reduced  In  its  gi-eat- 
.  simplicity,  then,  thet>'ll  may  be  simply  a  mass  of  protoplasm 
with  a  uucleuB, 


*TbeilIiutniLloiM<iriheMctIoii*  fallowing  will  i'mhMi'  Iho xludcnt  to  (ortn  a 
gviwndliiMl  iDi-nul  picture  of  tlie  c«11  In  nil  lU  |>iirUk 
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It  seems  probable  that  the  niimproiiR  rownrches  of  rwwnt 
years  und  otht-r?  nciw  in  progn-ss  vr'tU  open  up  n  tiow  world  of 
cell  l)ioli>gy  whifli  will  grvfttly  mivjiiKru  our  kniwlodgc-,  ospe-| 
oially  in  th(>  dii-ection  of  iiicrea!«Hl  d^pth  and  a>^rurncy. 

Tbough  iiuiny  )K>iiit8  uro  tttill  i»  <)jsput<',  it  mny  bv  Hifcly 
said  llitit  Uw  tim-K-us  plays,  in  nio»t  c-uIU,  n  r6le  of  the  highitst 
importiLucv :  in  fnct,  it  soomx  an  though  n'o  might  n'giird  the 
nucleus  OH  thu  din-ctivi)  brain,  no  to  spoak,  of  the  individual 
cell.  It  frcxjuoully  happt-ns  thai,  the  Whavior  of  the  body  of 
the  cell  is  fore«ha<iowed  by  that  of  the  nuoleua.    ThuB  fre- 


rio,  i.-Kri-ijui  atrmmn.  A-H.kuynklnnilrii'if  a  ttnu^cfll.  A,  aiic4tw  reUouhim  Is  It*  ofk 
1II11W7  utiilr.  B.  prnitrtnK  lur  dlrldnn  :  ili><  iiiiii>Hir  1«  ImdifflliMl.  UHl  the  flbfra  thtmr  ' 
vul  Is*  intrtuote.  c,  irrvMb-alBec;  Ibf  rbrriniBllo  U  amUMrBt  In  •  oompUcaicI  InoidnK 
rouDd  Ilie  aiuMar  of  Uw  MrhroniatlD  ([ilulli-.  I),  moniuniTr-iuiiir :  Uu>  cliiiiiiinLl»  imw 
upuMsaa  cnnlTlntal  Huauirial  V'il  mcli  »r  wlilcli  *lwiulil  Iw  rrprnminl  lu  it<'»l>l>- 
Ic^a  inljrnlltjn  of  Uiv  tiHlTi^  <^At-}\  rlirniimllii  l(Hi|a  lAwnnla  njipnA^I^  pn\itnot  rh^  4|»luillr. 
Y.  ilUflMHilUP ;  tltp  ehri-mnilii  (nrm*  n  atar,  nxiiiil  iwh  jkiIi-  •■(  n  iiiiiiilliT.  cm-li  uii-r  In-- 
Inff  coDmwiM  by  HtmrnlF  ^r  ai'hr<»TrLaiiii.  O,  ijAujfliT^T  vriMr?t  mo^- ;  ilic  tw^ty  f^^riTiiv] 
nuoW  UD  pftMliiu  ilinjKtrti  thclf  ii<tiut;ivf»lvc  tlinvroiiiiiriit,  vIjil^Ii  w  <<<.■(» (kU^i^iJ  In  iliit 
MMlnc  ilBtP'.  FI  ''-/.  ki>ry"l-ii<i-iin  iif  bii  rve-crll.  iln'ofiiit  Ilin  aiiialk'i  niinniiii  »(  hIipd- 
nvUnUamn  in  iJi*- tl<«iif'-4'*'tl  'riii-  Htn^r^W,  r./.  i-umMijxuiit  tn  j),  K.  K,  r'<«|vc[ivi']y  Ttv 
polar  Marat  llir  ni'l  of  Ibi-  ■|ii»i]lv  in  ri:nii|>iiv>)  .it  pn>lt<iilMiTr-|:nii>uhi>  ot  tbc  «ll  lUcir. 
■nil  niual  not  l»  mlnlnJiro  ror  thir  <11njU4^iK1.  Tlircwkinc  Unua  rtTprt«L-ot  UwcbroowUft. 
tbr  niir  Uniia  Uio  ncliruiiuulu,  mill  iho  iloiinl  lliini  iwii-imiuuliM.  iClili^  modinadhim 
FIkdiiiIiih  I  X-Z.  dlnwt  uiidivr  iIItIhIod  in  Uio  cPJI*  <•(  Uw  vubrTaiilc  InlacumpiU  ot  Uw 
Europnui  «onrplnn,    Afl*r  Blix'h'riann  (//■ft'likaii. 

quontly.  if  not  nlways,  division  of  the  body  of  tliv  nucleus  pi-e- 
cedes  that  of  the  coll  itself,  and  i:4  of  u  nuMt  couipliciit4;d  clinr- 
actBr  ikartfokinesia OT  miiosin).  The  iH<ll  wttll  iuof  itubortliiiate 
importiince  in  the  processi'H  of  lift-.  Ilmuirli  of  f;rwit  vulue  an  a 
mechanical  support  to  the  protoplasui  of  tht)  ci'll  aud  the  aggro- 
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gationsof  celts  known  as  tjssues.  The  greftter  port  of  a  treo 
may  be  said  to  be  made  up  of  the  thickoncd  wallii  of  the  oeLIa, 
and  tb«(w>  am  destitute  of  true  %'itality,  unlexs  of  the  lowest 
order ;  while  the  really  actives  gruwiu({  purt  uf  an  old  and  large 
tree  (^nnstitutos  but  a  small  aud  limited  «>»e,  ax  may  be  learned 
from  th«  plntOM  uf  a  work  ou  modem  botany  representing  sec- 
tions of  thu  woual. 

Aniraab),  too,  have  their  rigid  part^,  in  the  adnlt  ntiite  espe- 
cially, rexultinK  from  the  thirkening  of  a  part  or  the  whole  of 
the  cell  by  a  deposition  usually  of  salts  of  lime,  ns  \a  the  case  of 
the  t>riiit«of  animals.  But  in  some  casfs,  as  in  cartilage,  the 
cell  wall  or  capsule  iindiTgoetK  thicki-niiig  and  comiolidalion, 
and  sovoral  may  fu»u  togulher,  constituting  a  matrix,  which  is 
aliso  u»ulu  up  in  part,  piisitilily,  of  a  secretion  from  the  cell  pm- 
t4>plii«m.  In  the  uutt-r  parls  uf  the  body  of  animals  we  have  a 
great  abundance  of  examples  of  thickening  and  hanlening  of 
cells.  Very  well  known  instances  are  the  indurated  patches  of 
akin  (fipiihflium)  on  the  palms  nf  the  hands  and  elsewhere. 

It  will  l>e  scarcely  necessary  to  remark  that  in  colls  thus 
altere«l  the  mechanical  has  largely  taken  the  place  of  the  vital 
in  function.  This  at  once  harmoniztts  with  and  explains  what 
I  a  matter  of  common  obsL-rvation,  that  old  men  are  less  active 
P— have  less  of  life  within  them,  in  a  word,  than  the  young. 
Chemically,  the  celluloee  wall  of  plant«ella  consists  of  carbon, 
hy'!rt)i;fn,ftnd  oxysen,  in  the  same  relative  proportion  as  exii^ts 
in  tUirt-h,  though  its  pri)|>ertifs  are  very  different  from  thi-se  of 
that  Hubstance. 

Turning  to  cell  contents,  wo  find  thom  everywhere  made  np 
of  a  clear,  viscid  substance,  containin;^  iilmost  always  ^anulea 
of  varying  but  very  minute  size,  and  differing  in  consistence, 
uot  only  in  dilTerent  groups  of  celts,  but  often  in  the  same  cell, 
so  that  we  can  diiitinguish  an  outer  portion  {fclojilattm)  and  an 
inner  mun*  fluid  and  moregrainilar  region  [fitiloplosm). 

Tile  nucleus  is  «  body  with  very  clearly  detlued  outline  (in 
«ome  CAMS  limited  by  a  membrane),  through  which  an  irregu- 
lar network  uf  ii}>vT*  extends  that  stains  more  deeply  than  luiy 
other  [(art  uf  tlie  whole  cell. 

Owing  to  the  fact  that  it  is  so  readily  changed  by  the  action 
of  magents,  it  is  im{)OssibIe  U.i  ascertain  the  exact  chemical  com- 
paiitiun  of  living  protoplasm :  in  cm^^L^pience,  we  can  only 
infvr  it«  chemical  structure,  etc.,  from  the  examination  of  the 
dead  substance. 

In  genera),  it  may  be  said  that  protoplasm  belongs  to  the 
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claasof  bodiea  known  as  protoids— that  is,  it  consists  cbomicBlly 
of  carbon,  hydrogen,  a  little  sulphur,  oxygun,  and  nitrogen,  sr- 
nuig«'l  into  a  very  romplex  ami  unslnlilf  iiiulwiik'.  This  very 
instability  iw^ms  to  explain  at  once  its  34lii]jtMbility  for  the 
manifestation  of  ita  nature  aa  living  matter,  an<)  at  the  aanfe 
time  lh«  readiness  with  which  it  ift  modified  hy  many  circum- 
stances.  so  that  it  is  {fossiblo  to  umlon'tHnil  tliat  life  demands 
an  in««saQt  adaptation  of  intoruul  to  cxtonial  conditions 

It  seems  highly  probable  that  protoplasm  i«  not  u  single  pro- 
teid  sulwtance,  but  a  mixture  of  such  ;  or  let  us  rather  suy,  fur- 
nishosi  these  when  chemically  examined  and  therefore  dead. 

Very  frequently,  indeed  generally,  protoplasm  containa  other 
fiubstancLT8,  as  salt:*,  fnt,  starch,  chlorophyl,  etc. 

From  the  fuel  that  the  nuclous  stains  difTiTonlly  from  the 
cell  cont<mtH,  we  may  infer  a  difforonce  bwtwwn  them,  physical 
and  especially  chemical.  It  (nucleus)  furnishes  on  analysis  nu< 
eiein,  whirb  contains  the  Ninie  olemL-nts  an  protoplasm  (with  the 
exception  of  sulphur)  together  with  phosplionui.  Nuclei  have 
great  resisting  power  to  ordinary  solvents  and  even  the  digeat- 
ive  juices. 

Inasmuch  ns  all  vital  phenomena  are  associated  with  proto* 
plasm,  it  has  been  t«rmcd  tho  "  physical  basis  of  life  "  (Hus- 
ley). 

Tiuaes. — A  collection  of  cells  performing  a  similar  physio- 
logical action  constitutes  a  tiasue. 

Ocnorally  the  colls  are  held  together  either  by  others  with, 
that  sole  fimction,  or  by  cement  material  secreted  by  them- 
selves. An  or<jan  may  consist  of  one  or  Bovcral  tissues  Thus 
the  stomach  consists  of  muscular,serous,conii<.-ctive,nnd  gland- 
ular tissues  besides  tliose  constituting  ita  blood-vessels,  lym- 
phatics, and  nervfls.  But  all  of  the  cells  of  each  tissue  have, 
speaking  generally,  the  same  function.  The  student  is  referred 
to  works  on  general  anatomy  and  histology  for  clasflilicatioiii| 
and  dmcriptions  of  the  tissues. 

The  .statements  of  tliis  chapter  will  find  illustration  in  the' 
pages  imme<liat«'ly  following,  after  which  wo  shall  rt^tum  to 
tlie  snliji-ct  of  the  cell  afresh. 

SDmnurr. — ^Tbe  typical  coll  consists  of  a  wall,  protoplasmic 
contents,  and  a  nucleus.  The  vegetable  cell  bos  a  limiting 
membrane  of  cellulose.  Cells  undergo  differentiation  and  may 
be  united  into  groups  forming  tissues  which  serve  one  or  more 
definite  purposes. 

The  choniical  constitution  of  protoplasm  ia  highly  complex 
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and  unstublo.  The  nucleus  plays  a  promioent  part  in  the  life- 
history  of  thi)  cell,  and  dooms  to  bo  t'«st>ntial  to  its  purfocc  dwol- 
opmvQt  and  greatost  physiological  officioncy. 


UmCELLDLAR  PLANTS. 
YbaST  {Tontla,  Saccharomytva  Cerfvitnai). 

Tho  ossential  part  of  the  coianiou  substance,  yeast,  may  be 
studied  to  advantaKf.  as  it  affords  a  simple  t^'pe  of  a  vast  group 
of  organisms  of  profound 
interest  to  the  student  of 
physiology  and  medicine. 
To  stAto,  first,  tho  main 
facts  as  ascertained  by 
observalioQ  and  oxperi* 
muut : 

Korpholcgleal.  —  The 
parlicleu  ol"  which  yeast 
ia  compofied  are  cells  of  a 
circular  or  ova!  form,  of 
an  average  diameter  of 
about  j^  of  an  inch. 

E!acb  individual  torula 
cell  consists  of  a  trAQ»- 
parent  homogeneous  cov- 
ering {cellulose)  and  K^nn- 
ular  semifluid  conK'nts 
(prolojilnxm).  Within  the 
latter  tliero  may  bo  a 
cpaoo  [vacuole)  filled  with 
more  fluid  contents. 

The  various  colls  pro- 
duced by  budding  may 
remain  united  likt-  striiij^ 
of  bmds.  Collections  of 
aaMM  composed  of  four 
it  more  subdivisions  (a»> 
>),  which  finally 
tM  by  rupture  of 
original  coH  wall,  having  thus  become  themselves  inde* 

ident  cells,  may  be  seen  more  rarely  iendogenous  divisuni). 


Fm,  S-— T»rli>ti«  rt**?*  iti  ihp  ibrrplopinrot  of  brpwrrt 
rnut,  f»B.  wlUi  ibc  Txrvininii  of  Uie  flnt  In  Uw 
Hrliv.  <rlUi  Ml  onllaary  hVli  |i<>«ar  iZttaL  t),  iiei 
ilir  lulonaxgw.     Tlir  tint  M  tnatlx  nUKnllM 

of  (oiir  r>T-rnvTit> ciAKT*  In  ilipiHlnloo  of  >  dnclt 

£'IJ  -.   nn'f  ibv  tbinl  trrUra  a  tiraDrhlnje  eolco]^. 
ivrjnlHire  Uw  lUtbt  *mu  lailicMv  lai-uolai. 


Q® ®®  i® 


Flo.  >.— Hut  NutncoiiMI*  Wwwpww  nhMD  at  repM- 
ducUoD-  I.  p.,  MnlognMnB dlTkWuiL 


Pu.  4.— FtarUvr  dsTckmnunt  ot  Hit  form*  rvpnaruWd 
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Tin-  yoftSt-cftU  is  now  Iwliex-od  to  possess  a  nutiJftu, 

CbeDUcaL  — When  y«ast  is  bunitHl  and  tlii;  a^hits  analyzod, 
thoy  arv  Unimi  to  conaist  chiefiy  of  sait«  of  potassium,  calcium, 
and  maKDosium. 

TKp  I'lemeat**  of  whidi  yoiwt  18  composwl  nre  C,  H,  O,  N,  8, 
P.  K.  Mk.  Jimi  (^ ;  but  chii-Hy  tlit'  first  f.mr. 

PhyslologictL — If  a  littlu  uf  thu  {Htwdvr  obtainod  by  drying 
j«ast  at  a  l^m[)eraturp  lifluw  bUiud-hi>at  be  uddvd  to  &  solution 
of  i-iiynr,  luid  tlip  lattor  l>e  ki-pt  wjirm.  bubbles  of  carljon  di- 
oxidi' will  1«>  evoivftd,  causiug  thu  mixture  to  becom«  frothy ; 
and  tlio  fluid  will  acquire  an  alcoholic  charact«r  [fermenta- 
tion). 

If  the  mixture  Iw  ruiiH3d  to  the  boiling-point,  the  process  do- 
scribed  at  once  ceases. 

It  may  be  further  noticed  that  in  the  fermi-iitiug  soccbartue 
solution  tbore  i»  a  gradual  increase  of  turbidity.  All  of  these 
cbnngt.*8  go  on  pcrfecitly  well  in  the  total  absence  of  sunlight. 

Yi>u8t-cells  arc  fnuud  to  grow  and  reproduce  abundantly  in 
an  artifieial  foud  solution  consisting  of  n  dilute  nolution  of  c«r- 
tain  sjill^.  tufTL'thfr  with  8ugiir, 

Conoloiion*.— Wliut  arc-  thu  conclusious  which  may  bo  legiti- 
mately drawn  from  the  above  facts  ? 

That  the  essential  part  of  yeast  cnnHists  of  cells  of  about  the 
size  of  muninialinn  blood-corpuscles,  but  with  a  limiting  wall 
of  a  substance  diffurent  from  the  inclose*!  oontenta,  which  latter 
is  composed  chiully  of  that  substnnco  common  to  all  living 
things — protuplttsm;  that  liku  other  cells  they  ropi-oduo?  their 
kind,  and  in  this  instance  by  two  methods:  ij^vimniion  giving 
rise  to  the  bead-like  aggregations  alluded  to  above ;  and  in- 
ternal division  of  the  protnplasm  {emhgenous  dirision). 

From  the  circumstances  under  which  growth  and  reproduc- 
tion take  place,  it  will  bo  seen  that  the  original  proioplnsm  of 
the  cells  may  incroaso  it.s  bulk  or  grow  when  supplied  with 
suitable  food,  which  is  nut,  ns  will  be  learned  later,  the  same  in 
all  ri«iH)cta  as  that  on  which  green  plants  thrive :  and  that  this 
may  occur  in  darkness.  But  it  is  to  bo  es|)ecially  noted  that  the 
protoplasm  resultiuR  from  the  action  of  the  living  cells  is 
wholly  different  from  any  of  the  substances  used  as  fnoil.  This 
power  to  construct  protoplasm  from  inanimate  and  unorgan- 
ized materials,  reproduction,  and  fermentation  are  all  proper- 
ties characteristic  of  living  organisms  alone. 

It  will  be  further  ob8erve<i  that  these  changes  all  take  place 
within  narrow  limits  of  temperature ;  or,  to  put  the  matter 
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more  ^nerally,  that  the  life-htstory  of  Uiui  humble  organism 
can  only  be  unfolclud  under  cerUiin  well-detlued  conttitionit. 

PBOTOCoccca  {Protococtiw  jiluriaiis). 

The  Btutly  of  this  one-celled  plant  mil  affonl  instructive 
comparison  between  Iho  ordinary  green  plant  tuvi  the  colorless 
plants  or  fungi. 

Like  Torula  it  is  selected  because  of  its  simple  nntnn*,  its 

ibiindance,  and  tbe  ease  wttb  wliiub  it  muy  )k'  obtmned,  Tor  it 

Fnbainids  in  water- barrels,  standing  pools,  driuking-troughs,  etc. 

Xorphological. — Protococcus  consists  of  a  structureless  wall 
and  vi!»*-i(l  gmiiuliir  contents,  i.  e.,  of  cellulose  and  protoplasm. 

Tilt'  pr(>to|ilu»n)  niny  contain  st^irch  and  a  red  or  green  color- 
ing matter  (ehiorophyl).  It  probably  contains  a  nucleus.  The 
oell  is  mostly  globular  in  form. 


TM.r. 


wptdttvm 


.  1 1«  T  itfiiMpnl  mnvoln  idji«i*  nhivrnd  In  lh#  Utl»-hW<inr  of  Protocacd  I 
lh»  hark  oT  •  im 

Pto.  \  —A  Btoilp  In  >Im  cirld  ilav,  llliu^nillnf  in^bod  ot  'tlTLadm- 

FlD  n.'-Ooeot  ihr  alicm  uRi-r  iwci  ilayi  ImniBnlnn  In  (riilvr. 

Fro-  7.^Viirfo<iH  phWA  in  ibi'  Uiir  mipflJn  bIaxim  aMnimnf  1.^  fiiwulmt*  np^nipiiv^  Thn  nii^ 
rln*>  tr  ilHiriM  (n  nr ,-  rhr  .-rii  wnll  If  f.ic  :  ami  the  rvloriiia-inikKiw  by  Uw  dark  (poc 
On  llH' Irn  orniE  .  ui  Inrtt'lclnnl  nmr  Ivkvh  IbattailcToldof  BC«li  valL 

PhyiiologieaL — It  n-produces  by  division  of  the  origina)  cell 
r/uri)  iiii'i  similar  individuals,  aiid  by  a  process  of  budding 
and  constriction  ifiemmaiion)  n-hich  is  much  rarer.  Under  the 
influence  of  sunlight  it  decomposes  carbon  dioxide  (CO,),  fix- 
ing the  carbon  and  setting  the  oxygen  free.  It  can  flourish  per- 
fectly in  rain-water,  which  contains  only  carbon  dioxide,  salta 
of  ammonium,  and  minute  quantities  of  other  soluble  snlts  that 
may  as  ilust  have  been  blown  into  it. 

There  is  a  motile  form  of  tliis  unicellular  plant,  and  i«  this 
stage  It  moves  through  the  tluid  in  which  it  lives  by  uicane  of 
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extenmons  of  \is  protoplasm  (cilin)  throuf^h  the  ooU  wall;  or 
the  cpII  wall  niiiy  ilisHpi^fwr  entirely.  Finally,  the  motile  form, 
withdrawijig  its  cilin  aud  clothing  itself  with  a  cellulose  cunt, 
become?  gloliular  and  pasRes  into  a  quienci^nt  state  again. 
Mtu'li  of  thi9  part  of  its  history  is  common  to  lowly  suunol 
furin-t. 

Ooiu)ltuioiii.^It  will  he  itiMiti  thut  thcr«  i*  much  in  common 
in  the  life-history  of  Torula  and  Protococciis.  By  virtuo  of  ho- 
ing  living  protoplasm  they  trHnsform  unorganixcd  material  into 
their  own  substance;  and  they  grow  and  reprtHluce  by  analo- 
gous methods. 

But  there  are  sharply  defined  differences*.  For  thi*  grt'en 
pliuit  sunlight  is  ^sential,  in  the  presence  of  which  its  chluro- 
phyl  pri'pares  the  atmosphere  for  lUiimaU  hy  the  rumoviU  of 
carbonic  auhydridu  nud  the  mldltiuu  of  oxygwn,  whil©  for 
ToruliL  neither  this  giis  nor  sunlight  is  essential. 

Moreover,  the  fungus  {Torulti)  demands  a  higher  kind  of 
food,  one  more  nearly  related  to  the  pabulum  of  animals;  and 
is  absolutely  independent  of  sunlight,  if  not  actually  injured 
by  it ;  not  to  mention  the  remarkable  process  of  ferment  atiou. 


UNICELLAR  ANIMAI^. 
The  Proteus  Animalcule  {Amaba), 

In  order  to  illustrate  animal  life  in  its  simpler  form  we 
choose  the  above-named  crenture,  which  is  nearly  as  readily 
obtainable  as  Prottwoccus  and  often  under  the  same  circum- 
stances. 

Morpholog:ic*l— vtmo"?«i  is  a  microsoopic  mae8  of  transparent 
protoplatiin,  about  iho  sijte  of  the  largest  of  the  colorless  blood- 
corpuscles  of  cold-hlooded  animals,  with  a  clearer,  more  con- 
sistent outer  zone  {eetosarc),  (although  without  any  proper  coll 
wall),  and  a  more  fluid,  granular  inner  part,  A  cloar  space 
(cotUraciih  wjffWf ,  vacuolf')  makes  its  appearance  iit  intervals  in 
the  ectosarc,  which  may  disappeftr  somewhat  nuddeidy.  This 
appearance  and  vanislting  have  suggestetl  the  term  pulsating 
or  contracting  vesicle.  Both  a  nucleus  and  nucleolus  may  be 
seen  in  Amceba.  At  varying  short  periods  certain  parts  of  its 
body  ( pseuiliipodin)  are  thrust  out  and  others  withdrawn. 

PhyiiologicaL— AmtBba  can  not  live  on  such  food  aa  proves 
adequate.'  fur  either  Protocoocus  or  Torula,  but  requires,  besides 
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inorsanic  nnd  unorBaniiwd  fi>od,  also  orgwmwl  mattor  in  t]io 
form  of  a  complex  organic  compound  known  as  prviein,  which 


TV 


ri«-v. 


ve-: 
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nhUL 


tm.  II. 


no.  It 


rio.  u. 
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r* 


na.it. 


rw.  u. 
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FiawU 


rMaBtaU.»iir»aDt«uc<ni«ii>n  ptiiunt  tD  lb?  llb^hMmy  of  *D  AintSlMtd  OCRUtaB.kM 
Diuiant  oljw  TTHIon  ('ir  Uirrv  dar*  -  I'te.  •••  nimlbir  iMToinbiiH  ru(^I«I.  irhloh 
It  boun  teler  ivt 
dman  ■Bdrr  Zdv.  n.  3.) 


olMrvT»t1<in  (<>  Uirrv  dut :  fig,  )••  nimlbir  iMToinbiiH  rucyil«l.  nhk  . 
atsit  boun  teler  ivt  In*  by  the  dfiLDluKnilloD  of  Ih<!  cyil      lAII  tt»-  tlRum  tn 


mdR'  nj: 


FM,  $.— ThrliKfimiitiir  |iIuud:  [fau  vcU>|i[iuiii  Uwii  imimiiUnit  tu  rcirui  ■  iwruduiKidluiii.  Uita 
FM.  >  -A  •L^>  In  ihe  InciWlTi'  phoar.    A  TrcvUlilo  ortuiliini,  /p.  In  umlTgulriK  InluiHiM- 

tw  M  —A  paniQD  of  itw  cnalurK  n^inwiiUvl  In  Flff,  0  after  oompliiU)  IneHtfon  ot  Ihr  food- 

rMtidn. 
PMa.  II,  II. —jfaiccwHilTi-  •»■•■  Id  the  uilinlJatlTe  anil  vxvn^lorr  [irotw.    Fix.  IV  ivpn^ 

wnB*  ikF  mvanlnn  imnf  iwm^  boim  laier  Uian  uHvn  Id  Fu.  11.   Thr  uii<IOl>v'"<)  »'<■>• 

BMUot  Ihe  Inccaml  oricuitrai  an>  rapnaaolod  uiid*ncolDji*)eiclloa(*icn<Uon>  at  />>.  hi 

IV  It 
naa-  A  1L  l\  rvnpMivnl  BifM^^vdtv  ntaipni  in  lla*<  rriiririliii^IlTr  pnv^niA  4if  itio  inniii  lurllvfd- 
i  .KW 


__-.  — „ _^ ,.  „   13)  thai  ih*  niirU-UB -tlnilm  ttnt. 

b  1^  *toTf  flpirD^  IT.  4aiH>l4ii  Uie  cualrAfUmc  Tacuoie  ;  nc,  fJtc  aiicJcun  :  pt,  Jwuilopo- 


■al.  iibwnnl  iwn  itar>  later.     Ii  will  Iv  Doilcnl  < 
orr  Opting  it.  4aiH>l4fl  .   .. 

I  ilr.  dlaiom  :  /p,  food'panirla. 


coot^inu  nitrogen  in  addition  to  carbon,  hydroRPii.  and  oxygen, 
Iq  fact.  Amoeba  can  prey  upon  both  plants  and  animals,  and 
thus  ase  np  as  food  protoplattm  itnelf.    The  p»eudoi>odia  serTe 
tho  double  purpose  of  orKitiw  of  lrn^f>niotion  and  prehension. 
Thi.H  creature  »b!«r>rb.i  oxygon  and  evolves  carbon  dioxide^ 
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Inaflmiicli  ita  any  pari  of  the  brxly  mny  wrve  for  th<*  mlmiseion, 
ntiil  [Hiiuibly  the  (ligwttiuii,  of  foo<l  iiiid  th<i  t>jtn.'ti<>[i  ^if  Mm  use- 
less remains,  we  are  uut  able  to  dofino  th«  functions  of  8)>ocUl 
parts.  Amopbii  exi-rcifiL>t),  however,  some  dvgroo  of  choice  an  to 
what  it  accepts  or  rejecta. 

The  movements  of  the  p»euilo{)0(]ia  ceaso  when  the  t^mpera- 
turti  of  the  iturrnunding;  metliiim  is  raised  or  lowered  l>eyond  a 
curt/iin  jMint.  It  can,  however,  survive  in  a  quiescent  form 
groater  (K'prLvtsion  than  elevation  of  the  tompenitun-.  Thns.iit 
35°  C,  ht-nt-rigor  i»  induced ;  at  -lo*  to  45°  C,  iluuth  rustilts ;  but 
thongh  all  movumuut  \s  arrL*»t«d  at  the  frt-uzinj^-point  of  water, 
recovery  ensui's  if  tliu  temjK-raturu  be  ^odunlly  niised.  Its 
form  is  modified  by  eW'tric  shucks  and  chemit-al  aKeuts,  as  well 
as  by  variations  in  the  temperature.  At  the  present  time  it  is 
not  poc«»ible  to  detino  accurately  the  functions  of  tlie  viiciinlex 
found  in  any  of  the  organisms  thuit  far  considered.  It  U 
worthy  of  neto  thnt  Amolxi  may  spontaneously  a««ume  a 
spherical  form,  decruto  n  «tructurL-Ie:<«  covering,  and  remain  in 
this  condition  for  a  variable  iwriod,  reminding  u»  of  the  similar 
behavior  of  Torula. 

Amujba  reproduces  by  fission,  in  which  the  nucleus  takes  a 
prominent  if  not  a  directive  part,  as  seems  likely  it  does  in  re- 
giini  *■>  -il!  tiie  functions  of  tinicHluliir  organisms. 

CooolasioiuL — It  is  evident  that  Amu^bu  is,  in  much  of  its  be- 
havior, closely  related  to  both  colored  and  colorless  one-celled 
pI&Dtit.  All  of  the  throe  olasm.-s  of  organixms  are  cumpoHed  of 
protoplaiiiu  :  t-aeb  can  construct  protoplaiim  out  of  tliat  which  is 
very  different  from  it ;  each  builds  up  the  inanimate  inorganic 
world  into  itself  by  virtue  of  that  force  which  we  call  vital,  but 
which  in  its  essence  we  do  not  understand ;  each  multiplies  by 
division  of  itself,  and  all  can  only  live,  move,  and  have  their 
being  under  certain  delinite  limitattoufl.  But  even  among 
forms  of  life  so  lowly  as  those  we  have  been  considering,  the 
differences  between  the  animal  and  vi^^gctable  worlds  ap]>ear, 
Tbu«,  Ama>ba  never  has  a  cellulose  wall,  and  can  not  subsist 
ou  inurganic  food  alone.  Tlio  cellulo^  wall  is  not,  however, 
invariably  present  in  plants,  though  this  is  generally  the  ease; 
and  there  are  iinimaU  (/W-idians)  with  a  cellulose  investment. 
Such  are  very  exceptional  coses.  But  the  law  that  animals 
must  have  organized  material  {pro/tin)  as  food  is  without  ex- 
ception, and  forms  a  broad  line  of  distinction  between  the  ani- 
ma)  and  vegetable  kingdoms. 

Amuibft   will   receive   further  consideration   later;    in   the 
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moMi  time,  TO  turn  to  tho  study  of  fomuoflifoiiimnny  rvt^ppcta 
Intormodinto  b«twoeu  plants  am)  luiiinulu,  ami  full  »(  prwrical 
Intoroal  for  mankind,  on  aocnunl  of  thtar  rolattorut  to  iliscase, 
us  revealed  by  recent  investigations. 


parasitic  organisms. 

Thb  Funoi. 
Molds  {PtnieUlium  Otaiirum  and  Mucor  Mueedo). 

CloBely  ri"iat«d  to  TbrtiUi  pliysioloffioally.  but  of  moro  com- 
plex structure,  aro  tli*  molds,  of  wliich  wh  st>l<><.'t  for  convenient 
study  the  common  gn*n  mold  {PfniciUium),  found  growing  in 
dark  and  moixt  placm  on  bread  and  similar  substances,  and  the 
wliit«  mold  i,yfueor),  which  gi'ows  readily  on  maniiro. 

The  fungi  oriRinate  in  sjwres,  which  aro  dssciitiaDy  like 
Torula  in  structure,  by  a  process  of  budding  luiil  longitudinal 
extension,  resulting  in  the  fomintiou  of  transpnrc-ut  branches 
or  tubulwi.  filk-"!  with  protophutin  and  investi-d  by  cullulo»o 
walU,  acrmui  which  tranavcrHc  partitions  art'  fouud  at  regular 
intervahi,  and  in  which  vacuoles  are  also  visible. 

The  spores,  when  growinR  IhuH  in  a  liquid,  give  riw  to  up- 
ward branches  (oi^rMii  Aj//*/trt  ),and  downward  braiichoc  or  root- 
let* (mibmerynt  hyphif).  These  multitudinous  branches  inter- 
lace in  every  direction,  forming  an  iiitrit-ate  felt-work,  which 
sujiports  thu  green  imwder  (spores)  which  may  hv  »o  easily 
shaken  o£F  from  a  gmwing  muld.  In  certain  cases  tho  aurial 
hyphiB  terminate  in  tufia  of  branches,  which,  by  transverse 
division,  become  split  up  into  spores  {Conidia),  each  of  which 
is  similar  in  structure  to  a  yeast-cell. 

Tliw  green  coloring  matter  of  the  fungi  IS  nat  chlorophyl. 
The  Conidia  germinate  under  tlie  same  conditions  as  Torula. 

■aoor  Hnoecta — The  growth  and  dowlupmcnt  of  this  mold 
may  lie  studii.->l  by  simply  inverting  a  glass  tumbler  over  xome 
hOTW^nng  on  a  sauiwr,  into  which  a  very  little  water  has 
been  poure<J,  and  keeping  the  preparation  in  a  warm  place. 

Very  soon  whitish  filamenla.  gradually  getting  stronger,  ap- 
pear, and  are  linally  topped  by  rounded  heads  or  spore-cases 
(Sporangia).  These  filainenttvare  the  hyphie,  similar  in  struct- 
nre  to  thoao  of  Penicillium.  The  spore-case  is  filled  with  a 
multitude  of  oval  bwlles  (.t/wiv.*).  n.-sulting  from  the  subdivis- 
ivu  of  the  protuplasm,  which  arc  tiimlly  rek'Ased  by  the  sjKire- 
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If  tn  K.— la  lb*  fnllrnrinc  llgiirFt,  ku.  drnolfa  aiirUI  hjfbn ;  rp,  norangluni :  n  »- 

Fm  IJ. -«uorrl««rtne  brphic  of  Humr  ■[rovtliiK  frum  liunc-iliiun. 
Fn.  la.— Ths  *Wlli>,  luMU  out  *n)l  (imlUBiiA,4l, 

Pma.  I(L  m,  SI.  -!ti>raia>i>w  •U^cn  Id  thv  dintFltqinicnl  of  tlu>  ipnTanxliiui 
Fto.  tl— Ivilniol  Kpnn*  ot  Muoar. 
FM.  A  -Utnnlnallnjeipamof  UvHmemolil. 
Fm.  W.— (tacisailvo  MaKnilDibr  H>'"i>JiuUIoa  ur  a  Mlajtlo  ipom. 
Fbh.  n.  n,  lT.>.tlunv*>ln-  uhnan  in  Ui«  imnJiiKiilltn  nroRiM  d  Uuuv. 
Fw.flL— ^kK>cOTil*vii*CixoWrTiiidu>liM[UaboimuiUwicmUi  ot  a  coDldlopluira  «(  BBBt 
flUlim  in  MB  ob)t«i«laB  cuinuB  it*,  4), 


cue  beoaminK  thinntxl  1o  the  point  of  raptiira  The  devel* 
opment  of  these  apnrea  taken  place  in  suhtitantinlly  the  same 
manner  as  thntw  of  Pftnicilliiiin,  Si)orauKia  developing  spores 
in  ihiK  fashion  by  iliviRion  of  the  protuplaflin  are  termed  a»ci, 
and  the  »poree  ascoaixires. 

So  lung  as  nouriishiuunt  is  abundant  and  the  medium  of 
growth  fluid,  this  <isr.rual  method  of  ruproiluftioii  ih  thv  only 
one;  but.  undur  otliiTcircumiitanceH^u  modi* of  incruase,  known 
aB  eot\jug<Uion,  arisw.  Two  adjacent  hyphs  enlarge  at  the  ex- 
tremities into  somewhat  globular  heads,  l)end  over  toward  eaoh 
other,  and,  meoting,  their  opfxiwHl  fai^es  Iiorome  Ihinniid.  and 
the  contenta  intermingle.  The  result  of  this  unioi)  {zygitajMre) 
undergoes  now  ccirlsin  further  clinnges,  the  cellulose  coiit  biiing 
separate  into  two — an  outer,  darker  in  color  (t-;rMr;x>rru»it,iui<) 
an  innur  colorUws  ouv  irtitlosi/orium). 

Under  favoring  circumstuncwi  these  coatfi  burst,  and  a 
branch  sprouts  forth  from  whioh  a  vertical  tubt'  arisen  that 
terminates  in  a  sporangium,  in  which  spurns  arisu,  ii^  befuru  de- 
0cribc<l.  It  will  be  apparent  that  wb  have  in  Mucor  the  oxem- 
pliUcatton  of  what  is  known  in  biology  as  "  aUerHalimi  uf  gen- 
erations"— that  is,  there  is  an  intennediate  generation  be- 
tween the  original  form  and  that  in  which  the  original  is 
again  r«achud. 

Physiologically  the  molds  closely  resemble  yeast,  some  of 
them,  as  Mucor,  Iteiug  capable  of  exciting  a  fermentation. 

The  fungi  are  of  special  interest  to  the  medical  student,  be- 
nu»u  many  forms  of  cutaneous  disease  are  directly  associated 
with  their  growth  in.the  epithelium  of  the  skin,  as,  for  exam- 
ple, common  ringworm  ;  and  their  great  vitnlity,  and  the  facil- 
ity with  which  their  spores  are  widely  disjKTsed,  explain  ihe 
highly  contagious  nature  of  such  diseases.  The  media  on  which 
they  flourish  (feiil)  indicairs  their  great  physiological  differ- 
ences in  this  particular  from  the  green  plants  proi>er.  They  are 
cloacly  related  in  not  a  few  respects  to  an  im]K>rtant  class  of 
vegetable  organisms,  known  as  ba>oteria,  to  be  considered  forth* 

with. 
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The  Bactebia. 

Tlio  bacteria  include  aunibortesa  varieties  of  orgunisnui  of 
HXtrftno  miuutoiiOHii,  many  of  tlium  visiblo  uiily  by  ibu  belp  of 
tht'  nioiit  puworfiU  lonaos.  Their  sizu  biu<  buen  Bstimated  at 
from  nim  to  niitni  "*f  an  in^li  in  diameter, 

Tbey  ^rnw  mostly  in  the  longitudinal  direction,  aiid  repro- 
ducp  by  transverse  diviaion,  forming  spor«H  from  whicb  now 
gennratioiut  ariw. 

Some  of  tlu'm  have  vibratile  cilin,  wliile  the  ciiu80  of  tho 
movements  of  others  iit  (juito  unkiiowu. 

As  in  many  other  lowly  forms  of  life,  there  is  a  quiescent 
as  well  as  an  active  stage.    In  this  sta^  {zoogiaa  form)  they 
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Flo.  <0.— MIonicODCU*.  -my  llkn  ii  «|>>rc  Init  uiually  much  ■mklliir, 

Flo.  W.-U«ct«rfum. 

Flo.  SI      HaclUus.    The  «ninl  lUnHH-nl  |iiwnlr>l  iliti  ivKniiiulnl  aiijirurniiiv  M  ilw  nwiU  of 

a  pr<>o?«ci>f  triiuvhrne<Ttvtoloiioci7ii'nnc<li>fln4E  u-ti  irilJJiiN.*' ■■lwrvnIJo>u, 
Ftu.  :v.->lplrj]lur»  :  voriiniH  furma-    TTic  nnl  iv<>  rvprriKiK  vMfrto^  which  ta  pcailbly  onJj  B 

Flo,  a.— A  droll  of  the  luifue  (ouni,  ■liuviuir  a  uplrllluui  ai[|[rt«B(a  In  tbu  rwtiug  nCalK 

aro  surrounded  by  a  geUtiuous  matter,  probably  swruted  by 
thcmtiulves. 
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Boclcrin  *grow  nni]  r»proi]uc«  in  PiisUtur's  solution,  rwndor- 
iiig  it  u[Miquo,  as  vfvU  as  iii  almost  nil  fluids  that  abouud  !u 
proti-k!  uiattwr.  Tlint  sucli  Quiils  rou<li1y  {mtrt'fy  ix  uwiag  to 
tlie  pi-psunco  of  biu'ttiria,  thy  vital  avliun  of  which  suflicea  to 
break  naumlt^r  complex  chemicji)  comimundtt  ami  produce  new 
ones;.  Some  of  the  bacteria  require  nxygi-n,  as  Hnriflus  an- 
/AmriW,  while  othera  do  not,  as  the  organism  of  putrefaction, 
lintifiTium  /ennn. 

Bacteria  are  not  »o  aen^ltive  to  slight  variatioiw  in  tempera- 
ture as  miwt  other  organisms.  They  can,  many  of  tliem,  with- 
stand freezing  and  high  temiKTiitun.-s,  All  lwwit«ria  and  nil 
gi-rms  of  l>ai;tiiria  aru  kilk^d  by  boiling  wiit<.-r,  though  tliv  );]x>t\>8 
ATO  much  rnoru  resistant  thnn  thu  uiuturu  organisms  thurnxulvt-^. 
Sum<^'  Bjmw-s  OHii  msint  a  dry  huat  of  140°  C, 

Tluf  s|Hin>s.  like  Tonila  and  Protococcus,  bwir  drying,  with- 
out losit  of  vitality,  for  coiuiiderablu  periods. 

That  different  groupi;  of  bacUnriu  have  a  somewhat  different 
Ufo-hiatory  in  evident  from  tht;  fact  that  the  presence  of  one 
che<.'ki<  iho  other  in  the  samu  tluid,  and  that  succL-nsive  tiwarma 
of  diSvroot  kindii  may  flourish  where  others  have  ceased  to 

That  these  organisms  are  enemies  of  the  constituent  cells  of 
the  tiftaues  of  the  highest  mammals  has  now  been  abundantly 
demonstrated.  That  they  interfere  with  the  nnrnial  working 
of  the  organism  in  a  great  variety  of  ways  is  also  clt-ar;  and 
OM'tnin  it  is  that  the  harm  they  ilo  It^tds  to  abi<rratioii  in  cell- 
life,  however  that  may  be  manifustt^^.  Thoy  rob  the  tissues  of 
their  nutriment  and  oxygt-n.  and  poi»on  thorn  by  the  products 
of  the  decompositions  they  produco.  Bui  apart  from  this,  their 
very  presence  as  foreign  agents  must  hsmjier  and  derange  the 
dolicat«  mechanism  of  celUlife. 

ThfM  organisms  seem  to  people  the  air,  land,  and  waters 
with  invinililf  hunts  far  more  numerous  than  the  forms  nf  life 
wo  behold.  Fortuuatoly,  they  are  not  all  dangerous  to  the 
higher  forms  of  mammalian  life;  but  that  a  large  proportion 
uf  the  diseases  which  aftlict  both  man  and  the  domestic  animals 
are  dire^?tly  caused,  iu  the  sense  of  being  invariably  associated 
with,  the  presence  of  such  forms  of  life,  is  now  beyond  doubt. 

The  fmitJt  atateil  above  explain  why  that  should  be  so;  why 
certjun  malaiiiea  should  be  infectious;  how  the  germs  of  dia- 
toae  may  be  transported  to  a  friend  wrapped  up  in  the  folds  of 
IctU-r. 

O'taooM  thus  caused,  it  must  not  bo  forgotten,  is  nu  illustra- 
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tioD  of  thp  tttrugglc  for  oxi8U>ni-c  ami  tht-  survivarnf  the  fittest. 
If  thi*  (lells  of  nti  orgitnii^m  are  mightier  tliait  the  Itacterin,  the 
latter  nru  overwbL'linud;  but  if  the  baiitorm  are  t-no  ^eat  iu 
numlwra  or  more  vigorous,  the  L-ells  must  yield ;  the  battht  msy 
waver — now  dangerouti  disease,  tiow  improvement — b«t  in  the 
end  the  strongest  in  this,  as  in  other  instances,  prevail. 


UNICELLULAR    ANIMALS   WITH    DirFEKENTlATION    OF 
STRUCTURE. 

Tub  Bbll-AniMalculb  (VtniiceJla). 

AmXBha,  is  an  example  of  a  one-celled  animal  with  little  per^ 
ceptible  differentiation  of  structure  or  corresponding  di\i!«ion 
of  physiological  Inlmr.  This  is  not,  however,  the  rjiae  with  all 
tinioollulitr  aiiinintn.  and  we  proci'wl  to  study  one  of  those  with 
considerable  dovetopment  of  both.  Thf  Bull  •animHlcule  is 
found  in  both  fresh  and  salt  water,  either  single  or  in  groups. 
It  is  anchored  to  some  object  by  a  rope-like  stjilk  of  clear  pro- 
toplasm, that  ha.s  a  spiral  appi^nrance  when  coiitrart4>d :  and 
which,  with  a  w-rtain  degree  of  regularity,  shortens  and  length- 
eiu  aiteruately,  suggesting  that  more  do<init«  movement  (eon- 
tractttiii)  of  the  form  of  protoplasm  known  as  nwsde,  to  be 
studied  later. 

The  body  of  the  creature  is  bell-shaped,  hence  its  name ;  the 
bell  being  provided  with  a  thick  everted  lip  (^icrfs/onie),  covered 
with  bristU-likf  extensions  of  the  protoplasm  (cilia),  which  are 
in  almost  constant  rhythmical  motion.  Covering  the  numtli  of 
the  hell  is  a  lid,  attached  by  a  Iiiuge  of  protoplasm  to  the  body, 
which  may  be  raiHL-41  or  lowere<I.  A  wide,  fuintel-liku  depres- 
sion (arsophagus)  loads  into  the  softer  substance  witltiu  which 
it  ends  blindly,  Tlie  outer  part  of  the  ituimal  [cidicula)  is 
denser  and  more  transparent  than  any  other  part  of  the  whole 
creature;  next  to  this  is  a  portion  mon-  granular  and  of  inter- 
mediate transparency  l>etwBen  the  esternul  and  innermost 
porlions  (rorficn/  hypr).  Below  the  disk  is  a  space  (rovlradUe 
t¥*Hf)  filled  with  a  thin,  clear  fluid,  which  may  he  seen  to 
enlarge  slowly  and  then  to  collapse  suddenly,  Wlien  the  Vorti- 
coUa  is  feeding,  these  vesicles  may  contain  fitod-piirticles,  and 
in  the  former,  apparently,  digestion  goes  on.  Such  food  vacu- 
ole* [t'esich^)  may  circulate  up  one  side  of  the  Ixidy  of  the  ani- 
mal and  down  the  other.  Tlieir  exact  significanoe  is  not  known, 
but  it  would  appear  as  if  dig«stioa  weut  un  within  them ;  and 
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possibly  tlio  clear  ftuM  with  vrliioh  they  uro  tillud  maybeaspe- 
cial  secretion  with  ^ilvvnt  uvlioD  on  food. 
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r>M.MW4a— Ib  lb*  (oUcnrinit  llgun*  il.  ilHious  dte : 
p.  prrbicin*;  re,  contrapllW  TBruulr-:  tj.  tnod- 
nanvOlf  :  V*.  «*«llbulp  :  »/.  comrai'illi-  niirr  ;  c, 
(Tit  ;  nr.  IllU^IrllS  :  (I.  •■iilum, 

Fl«.tl.— A  KTiiiifi  ill  TurllvrlbE  iliaulnx  Uiecnaluntlu 

Fid.  IB.    Th"-  •«"  >■-  In  "le  I'tlriulnl  •iirt  lii  Uio  rrtmrtwl 

»tAl*-     ifrtlTln».t  vii-K*  ^ 
Piu»  Aij-— flhovii  foittl-f  ai^uiiIl-m  ;  ouu  In  tbv  act  of  lli|:r«- 

ll<in. 
Flo.  1^   --A  t<iTtln>llii.  In  wlilt^  llif>  prnofii  oE  mulllplln- 

Llori  hv  llivl»n  im  Uwiii. 
Fict,  W— 'Tiki--  nvulu  ur  n«kin  ;  thr  iirodui^tlon  of  Iwoln^ 

■lldlllinl*  of  UDl-quAl  •Ul>. 

Kii7.  ^  —  llliiiilratliiia  cif  rviinirluott<»D  bj' ccnJuicniliHi, 

i'lo.  40.   -  An  ivic'/nli*!]  TVirtltvllii 


Situated  somewhat  coiitr»lly  is  n  horscshoo-^hnpeil  body, 
with  woll-do&nixl  t^ilgos,  n-tik-h  litiiins  inori'  ruiulily  than  tho  rost 
nf  the  (rell.  mdk'nting  n  diffi'rent  cliumicnl  composition:  uml, 
from  thp  prominent  part  it  takos  in  the  reproductive'  »nd  other 
functions  of  the  creature,  it  may  be  conBidered  the  nucleus 
(cnrfo/)?(wrf). 

Multiplication  of  the  flpecien  is  either  by  gfimmathn  or  by 
fisninn.  In  the  fli-st  cas«  the  nucleus  divides  Jinil  tlie  fragments 
are  tnuisfrtrnied  into  locomotive  germs;  in  tin-  ItitliT  tlie  entire 
aninuil,  including  the  nucleus,  ilivi(l<«  longitudinally,  ciK-h  linlf 
becoming  n  Dimilar  complete,  imlupcndont  organism.    Still  an- 
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other  mot1iO(]  of  rt'pnx]  net  ion  i»  knovrii.  A  more  or  lefs  glol 
lar  body  tucm'k-ii  with  «  ring  of  oilia  uiid  of  ri^utivuly  sma 
size  may  )K>motiiii'  '<  <'ii  attocliet]  to  tlio  iisuiU  form  of  Vorii- 
oella,  with  which  it  tinuily  bis.'omi'»;  bUmilLtl  into  one  maiuj.  This 
seems  to  foi-esliadow  thi' '  sokuaI  conjugation  "  of  higher  lorms, 
nnO  is  of  great  biological  significance. 

Vnrticella  may  pafls  into  an  encysted  arid  quiescent  stage  for 
an  iiiilofinitR  {M^riiMl  and  again  become  active.  The  history  of 
the  Bel  I  •animalcule  is  Hub»tantially  that  of  a  vast  variety  of 
otMSCL'lIcd  orgftiiisma  known  as  Infuttorm,  to  which  Amcebn 
itjtolf  )>olongs.  It  will  bo  observed  that  tlic  i-oseinblance  of  this 
organism  to  Ania>ba  is  very  grwit;  it  is,  liowc*vcr,  introduced 
hero  to  illuetrat«  un  advance  in  differentiation  of  .structure ;  and 
to  tfhow  how,  with  tlio  latter,  there  \s  usually  a  physiological 
advance  alsn.  since  tln»ri*  is  additional  functiunul  progri-iw  or 
division  of  labor;  but  still  the  whole  of  the  work  is  done  with- 
in one  cell.  Amceba  and  Vorticella  are  both  factories  in  which 
all  of  the  work  is  done  in  one  room,  but  in  the  latter  case  the 
mmdiinery  is  more  complex  than  in  the  former ;  there  are  cor- 
n's pond  ingly  more  processes.and  each  is  performed  with  greater 
IKtrfwtion.  Thus,  focxl  in  the  case  of  the  Bell-animalcule  is 
swept  into  the  gullet  by  the  currents  set  up  by  the  muUitudc« 
of  vibrating  arms  around  this  o]>i3ning  and  its  immeiliato  neigh- 
borhood ;  the  Contractile  vesicles  play  a  more  pmtuini>nt  part; 
and  the  wiistLi  i>f  undigested  food  is  ejected  at  a  more  <iefinite 
portion  of  the  body,  the  (luor  of  the  (uaopliagus;  while  all  the 
movements  of  the  anininl  are  rhythmical  to  a  degree  not  exem- 
plified in  such  simple  forms  as  Amoeba;  not  to  mention  it« 
vftrion.s  resources  for  multiplication  and,  therefore,  for  it« 
perpetuation  and  permanence  as  a  species.  It,  too,  like  all  the 
unicellular  organisms  we  have  been  considering,  is  xuscoptible 
of  very  wide  <listribntion,  beint;  capable  of  retaining  vitality  in 
the  dried  state,  so  that  these  infusoria  may  he  carried  in  vari- 
ous directions  by  winds  in  the  form  of  microscopic  dust. 


MULTtCELLUlAR  OBOANISMS, 

Thb  Fbeso-Water  P0LTP8  (Hydra  viridis ;  Hydra  fusca). 

The  comparison  of  an  animal  so  simple  in  structure,  though 
made  up  of  many  cells,  as  the  Polyp,  with  the  more  complex 
organ izations  with  which  we  shall  have  especially  to  di^l,  may 
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be  fitly  un<I(-rtAkeD  at  tbia  stage.  The  Polj-ps  nro  oosily  obtain- 
abk'  frum  poii'ls  lu  wliicli  tliry  an?  fouml  atUK'boil  to  various 
kinds  of  wwils.  To  th«  oakM  eyn,  thpy  rfsi-iublo  t  ruiislut-ont 
Tnasseti  of  jelly  with  a  grwniflh  or  reddish  tinge.  Tliey  range 
in  size  from  one  quarter  to  one  half  an  inch ;  are  of  an  elongated 
cylindrieal  form  ;  provided  at  the  oral  extremity  with  threiul- 
like  tentacIeB  of  eonsiderable  length,  which  are  nlowly  moved 
about  in  all  directions;  but  they  and  the  entire  body  may  short- 
en rapidly  into  a  globular  mass.  They  an.-  nsuully  aitm-hi^d  at 
the  opposite  (aboral)  pole  to  some  object,  but  may  Hunt  True,  or 
slowly  crawl  from  placo  to  place.  It  may  be  observed,  under 
the  microticope,  that  the  teutat.'les  now  aud  then  embrace  uome 
living  object,  convey  it  toward  an  opening  (mouth)  near  their 
l>aae,  from  which,  from  time  to  time,  refuse  material  is  cast  out 
it  may  be  noticeil,  too,  that  a  living  object  within  the  touch  of 
the(M>  tentacles  soon  loses  the  power  to  struggle,  which  is  owing 
to  the  peculiar  celN  {nr/tif-t-dh,  urfimtiiiij  crtjMd/c.*,  nnualO' 
eysta)  with  which  they  are  abundantly  provided,  and  which  so- 
orotv  a  poisonous  fluid  that  paralyzet;  prey. 

The  mouth  leads  into  a  simple  cavity  {cwiont)  in  which 
digestion  proceeds,  Tlie  green  color  in  Hydm  virulis,  and  the 
red  color  of  Hydra  fusca.  is  owing  to  the  presence  of  chiorophyl, 
the  function  of  which  is  not  known.  Hydra  is  structurally  a 
sac,  made  up  of  two  layers  of  cells,  an  outer  (ectndfrm)  nnd 
an  inner  (endoderm) ;  the  tentacles  being  repetitious  of  th© 
structure  of  the  main  body  of  the  animal,  and  so  hollow  and 
com|Kii8od  of  two  cell  layer*.  Speaking  gi-nemlly,  the  outer 
layer  is  dovoted  to  obtaining  information  of  the  surrtjundings; 
the  inner  to  the  work  of  preparing  nutriment,  ami  probably, 
aI«o,  discharging  waste  matters,  in  which  latter  assistance  is 
also  received  from  the  outer  layer.  As  digestion  takes  place 
largely  within  the  cells  themselveB,  or  is  intracellular,  we  are 
reminded  of  Vorticella  and  still  more  of  Aniojba. '  There  is  in 
Hydm  a  general  advance  in  dovelopinenl,but  not  very  much  in- 
dividual cell  sgH-cializntiou.  That  of  the  ndientiug  capsules  is 
one  of  the  best  oxaniplc«  of  such  special ixnticm  in  tliia  creature. 
A  Polyp  is  like  a  c*dony  of  Amceba.'  in  which  some  division  of 
labor  (function)  has  taken  place;  a  sort  of  biological  stivle  in 
which  every  individual  is  nearly  equal  to  his  neighbor,  but 
somewhat  more  advanced  than  those  neighbors  not  members  of 
the  organization. 

But  in  one  respect  the  Polyjis  show  an  enormous  advance, 
Ordtmirily  when  nourishment  is  abundant  hy<lra  multiplies  by 
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-laCbeMlmtliiEllirum.  n'.ilrucilraiittodt-no:  in.riulwlvnii  ^  (  '  'i; 
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riu.  U  -TriiUTrrw  iiHIkia  u-m  llM'  bwly  «i  ■  hylro.  Iii  Uiu  iliKivilin-  cBTlty  of  wtilfh  ■ 

■rxintl  <f^iilibi4ii  («  n^irmi-nlnl. 
I^iu  (I. -Tir- k-Actinv  typiuinf  lhnsHt»ll>  >in>T  »l>priittan  fmni  dip  (1017 ' P. Si.    Thecvlbuv 
rv|H«irn(v*l  tu  iJu^ *cc ItY nnil  (lir  r  -'".,-      '..rjuoid:  In  ihr?  fiiniicr  all  Ulu  jw^on*  luiine 
tfUlDAl^  aeep  in  iiiiih*|rjrii{v  of  ' '  ,  I'lt-i^iluii 

Ft*-  U.-Sin4a  piirtliin  <'(  n  (rniiai-'i-<  r.v  ll'r  linly  nl  Btim-ii  hr>ltn  lU.  U) 
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budding,  niid  when  cut  into  portions  ouch  nwy  become  a  (.'om- 
pk'to  individuiil.  HowuviT.  undor  other  fircumstancoH,  near 
tho  \m«vH  of  tilt.'  ti-ntui'k-s  tlie  body  wall  may  protrude  into  little 
mossus  (te^ttes).  in  wliich  Cells  of  peculiar  formation  (si^rma- 
lozon)  arii^u.  and  wru  eventually  set  froe  and  unitfi  with  a  fell 
(oi'itm)  formed  in  a  similar  protrusion  of  larger  sixe  ioriiri/). 
Ham,  tlien,  ia  the  first  instance  in  whioh  distinctly  sexual  ro- 
pniduction  ha.s  1)eeii  met  in  our  studios  of  the  lower  formji  of 
life.  This  is  &uh.-<tantinlly  tlip  same  process  in  Hydm  as  in 
mammtils.  But,  ai<  Imth  male  and  ft^iiiale  cells  are  produced  by 
the  same  individual,  the  s^xes  are  unite<l  (hfnnaphroditmn); 
each  is  at  once  mnlu  and  female.  . 

Any  one  watching  the  movunu-nts  of  a  Polyp,  and  compar- 
ing it  with  those  of  a  Bell-aninialcule.  will  observe  that  the 
former  are  much  less  machine-like  ;  have  grroater  range:  eeem 
to  Ik*  tlie  n-sult  of  a  mnrt?  deliberate  choice ;  are  better  adapted 
to  the  environment,  and  calculated  to  achieve  higher  ends.  In 
the  abBenCB  of  a  nervous  system  it  is  not  easy  to  explain  how 
one  part  moves  in  harmony  with  another,  e.vcept  hy  that  procress 
which  Ki'i'ins  to  Im^  of  .tiicli  wide  application  in  nKturo.  adapta- 
tion frotii  habitual  simnltaneous  effects  on  a  ])rotoplii«m  capable 
of  rwt[«f>ndinK  to  stimuli.  When  one  process  of  an  Amtsba  is 
touched,  it  \»  likely  to  withdraw  all.  This  we  take  to  to  bo  duo 
to  influenc««  railialiiig  through  molecular  movement  to  other 
parts ;  the  same  principle  of  at^ttion  may  be  extended  to  Hydra. 
The  oftener  any  molecular  movement  is  rei)eated,  the  more  it 
tends  to  Itecome  organised  into  regiiiurity.  tn  bix-ome  fixed  in 
ite  mode  of  action  ;  and  if  we  are  not  mistaken  this  \%  »  funda- 
mental law  throughout  the  entire  world  of  living  things,  if  not 
of  all  thing>t  auimnto  bihI  inanimate  alike.  To  this  law  we 
shall  return. 

But  Hydra  Is  a  creatui^  of  but  very  limited  specializations; 
there  are  neither  organs  of  circulation,  respiratioD,  nor  excretion. 
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If  we  exclude  ihe  lioubtful  cano  of  tlie  threrul-cells  {urtieating 
capsules).  Tlie  uaimal  breathes  by  tbe  entire  surfftcw  of  the 
bofly ;  nouriBbmfliit  passett  from  cell  to  cell,  und  watttu  ih  di»> 
cbATged  into  the  water  fiiirr<mii<liiif'  the  creiitiire  fnirn  all  celle, 
though  probably  not  quite  eqimlly.  All  parts  ai-o  not  diKestive, 
respiratory  etc,  to  the  same  degre>e,  and  herein  does  it  differ 
RTpatly  from  Anufba  or  even  Vorticella,  tbouKb  fuller  knowl- 
ed^s  will  likt'ly  iiiiidify  our  views  of  the  latter  two  aiid  similar, 
organisms  in  this  reganl. 


THE  CELL  HECONSIDERED. 

Having  now  studied  crrtain  one-cvlknl  plants  and  animals, 
and  wjnie  very  Mmplv  combinationx  of  oells  (molds,  <;tc.).  it  will 
bu  profitabli'  to  i<ndcavor  tu  gouurulize  the  l(!»ftOiis  ihvsv  hiimbis 
organisms  convey;  for.  as  will  be  conBtantly  swn  iu  the  study 
of  the  higher  forms  of  life  tjf  wbitrh  this  work  proposes  to  treat 
principally,  the  same  laws  operate  as  in  the  lowliest  living 
creatures.  The  most  complex  organism  is  made  up  of  tissues, 
which  are  but  cells  and  their  products,  as  houses  are  made  of 
bricks,  mortar,  wood,  and  a  few  other  materials,  however  large 
or  elaborate. 

The  student  of  pby.itiology  who  proceeds  scientifically  must 
eudeavur,  in  investigating  the  functions  of  each  organ,  to  learn 
the  exact  behavior  of  eac-h  cell  us  determined  by  its  own  inher- 
ent tendencies,  and  modified  by  the  action  of  neighboring  cells. 
The  reason  why  the  function  of  one  orpan  differs  from  that  of 
another  is  that  its  cells  have  departed  in  a  special  direction 
from  those  properlies  common  to  all  ci-lls.  or  have  become  func- 
tioNuIly  differtntiatfd.  But  such  a  .statement  has  no  meaning 
unless  it  be  well  understood  that  cells  hnviiei-rtain  iD-opoi-tics  in 
common.  Tliis  is  one  of  the  lessons  imparUd  by  the  |ircci*ding 
studies  which  we  now  review.  Briefly  slated  in  language  now 
extensively  ubb<1  in  works  on  biology,  the  common  properties  of 
cells  (protoplasm),  whether  animal  or  vegetable,  whether  con- 
stituting in  themselves  entii-e  animals  or  plants,  or  furraing  the 
elements  of  tissur-s,  are  these :  The  collective  cliemical  processes 
associated  with  the  \'ital  activities  of  cells  ai-e  terme<l  its  meta- 
holism.  Met»boli»m  is  ronfiiruftti'e  when  more  complex  com* 
[lounds  lire  formed  from  simpler  ones,  as  when  the  Protococcus- 
cell  builds  up  )t«  protoplasm  out  of  the  simple  materials,  found 
in  rain-water,  which  make  up  its  foixi.    MetaWlism  is  tit-slrtid' 
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irr  whtii  tho  revprse  proceew  lakes  place.  The  roeTills  of  thiii 
proLi.'^s  itn*  i.-Hminn1i-<I  ns  extrrfia.  or  naetein  Rn<1  iuirntfiil  prod- 
oct&  SiiiCL*  all  llio  vitul  uctivitios  of  coIIh  cnti  uul)'  bL>  iimni- 
fcstM]  wticn  ittipplkul  witli  food,  it  follows  Hint  living  orguuivuis 
couv«rt  potfiituU  or  puwiiblo  vucrgy  into  kittttie  or  uctuiil  c-n- 
orgD''  Whun  lifuk'^s,  Jmiiiobili-  iiintt«r  ie  tukun  in  an  footl  uod, 
a*  A  rusull,  is  cuDV^^'Kud  by  a  prut'Ciit;  of  usaimOaiiun  into  the 
protupIiLsu)  of  tho  cvU  luting  it,  wo  hav*  au  example  of  poten- 
tliU  bi-iu^  ci>iivert4Mi  into  actual  uni-rgy,  for  one  of  the  jiropci-. 
tii-H  of  all  protoplasm  is  its  ctmiraditity.  Assimilation  implies, 
of  course,  the  absorption  of  what  is  to  be  tised,  witli  rt^joction 
of  waste  matters. 

The  movements  of  protoplasm  of  wlintovor  kind,  when  due 
to  a  stimiiluH,  arc  said  to  indicate  irrUnbilily ;  wink-,  if  indft- 
pvndcnt  of  ituy  bxternal  Hourct)  of  uxcitntion,  tlivy  are  denouti- 
Datvd  atttoniatie. 

Among  sgentj)  that  modify  the  action  of  all  kinds  of  ]ir«itc>- 
plaem  arc  hwtt,  moisture,  electricity,  light,  and  others  in  grpat 
variety,  both  chemical  and  mechanical.  It  can  not  be  too  well 
remembered  that  living  things  are  what  they  are,  ncithi-r  by 
nrtue  of  their  own  organixnlion  alone  nor  through  the  action 
of  their  environnu^nt  alono  (vine  would  they  bv  in  no  sense  dif- 
ferent from  iiianiumtc  things),  but  Iwcauee  of  the  relation  of 
tho  organization  to  the  surroundingH. 

Protoplasm,  then,  is  conlradtle,  irritabJe,  aufomafic.  ahxnrp- 
iivf,  secretory  (and  ejrcretory),  niHafmlic,  and  reproflueHve. 

But  when  it  isaflirmed  that  these  are  the  fundamental  prop- 
orties  of  all  pmtiijiln.-'m.  ihc  iilna  is  not  to  Iw  conveyed  that  cells 
exhibiting  the^-  pn»[ii-rLius  ar«  identical  bi<dogirally.  No  two 
maasoH  of  protoplnttm  cam  be  (piite  alike,  else  would  there  ho  no 
distinction  in  pliytdoloKica]  di'mi-imor — no  individuality.  Evi-ry 
cell,  could  we  but  behold  its  inner  molecular  nu-chanism,  ditTerti 
from  ita  neighbor.  When  this  ditFeronce  roachwt  a  certain  de- 
gree in  one  direction,  we  have  a  manifest  difTerontiatiun  leading 
to  physiolo^ncnl  division  of  labor,  which  may  now  with  ad%'aa- 
lage  be  treated  in  the  following  section. 


THE  ANIMAL  BODY, 

An  animal,  aa  we  have  learned,  may  be  miuk^  up  of  a  single 
cell  in  which  each  jmrt  performs  much  the  same  work  ;  or,  if 
there  be  differences  in  function,  they  are  iU-definod  as  compared 
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with  thiMw  nf  iiiglipr  auimal».  The  condition  of  thinffii  in  unch 
an  aniiiittl  tin  Aunplm  may  1»!  compared  to  »  civilized  comma* 
nity  in  a  very  crude  social  condition.  When  vixch  iudividual 
trit>s  to  iwrforni  ^'very  olHoc  for  himiiolf,  he  is  at  oru-ociirpcntcr, 
bliu'ksniitli,  ^hucnmkiT,  iviid  much  moi-o,  with  the  MHtural  ro- 
suit  that  he  !»  not  ctTicieiit  in  niiy  ouo  directiuii.  A  community 
may  be  judgwl  in  n-jjurd  to  its  degrt-e  of  advanL-emeut  by  tho  i 
amount  of  division  of  labor  oxittting  within  it.  Thus  is  it  with 
tjie  animal  iKwIy,  We  find  in  such  a  creature  as  the  fresh-water 
Hydra,  consistins  of  two  layera  of  cells  forming  a  simple  aac,  a 
iilight  amount  of  ailvancement  on  Amte bo.  Its  external  Burfaco 
no  longur  8er\'es  for  iiiclnsure  nf  food,  but  it  biis  the  simplest 
form  of  mouth  ntid  teiilncte-s.  Each  of  the  n-U»  of  the  iiiternul 
layer  seems  to  act  us  a  somewhat  improved  or  specializud  Amu>- 
ba,  while  in  thoitc  of  the  outer  layer  we  murk  a  beginning  of 
those  functioiiii  which  tiikc-n  collectively  give  the  higbiir  ani- 
mals informatitm  of  the  surrounding  world. 

Looking  to  the  existing  state  nf  things  in  the  universe,  it  is 
plain  that  an  animal  to  attain  to  hi^h  ends  must  have  i>owerB 
of  rapid  locomotion,  ca|)acity  to  i>erceive  what  makes  for  its  in- 
terest, and  ability  to  utilize  uieiuiM  to  attain  thi»when  perceived. 
TlK'se  considt^rations  demand  that  an  animal  high  in  the  scale 
of  being  should  he  provided  with  limbs  nulliciently  rigid  to  sup- 
port its  weight,  moved  by  strong  muscles,  which  must  act  in 
harmony.  But  this  implie^i  abundance  of  nutriment  duly  pre- 
pareil  and  regularly  conveyed  to  the  hone.s  anil  muscles.  All 
this  would  Ite  u.'«eless  unless  there  was  a  controlling  and  ener- 
gizing system  capable  both  of  being  imprasstil  and  originating 
intprcssions.  Such  is  found  in  the  nerves  and  nerve-centers. 
Again,  in  order  that  this  m^■chaui^m  be  kept  in  good  running 
order,  the  wustt*  of  its  own  metabolism,  which  chokes  and  poi* 
sons,  must  be  got  rid  of — hen<re  the  need  of  excretory  apparatus. 
In  onler  that  the  nervous  system  may  get  sufficient  informa*^ 
tion  of  the  world  around,  the  surface  of  the  boijy  nuial  be  pro- 
vided with  spei'ial  message-receiving  otTices  in  the  form  of 
moditieil  nerve-endings.  In  short,  it  is  seen  that  an  ajiimal  as 
high  in  the  scnle  as  a  niamnial  must  have  muscular,  osseous 
(and  connective),  <lige8tive,  ciroulalory.  excretory,  and  norvoua 
tis8U4« :  and  to  these  uuiy  bo  added  c<.-rtain  forms  of  protective 
tissues,  as  hair.  naiU,  etc. 

Ai^suining  that  the  student  has  at  least  some  general  knowl- 
edge of  the  stnielure  of  these  various  tisitues,we  propose  to  tell 
in  a  simple  way  the  whole  physiological  stury  in  brief. 
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Tb»  blow]  is  tho  H»urce  of  all  tho  uourii«hin«nt  of  th&  organ- 
ism, including  ite  oxygon  supply.und  isciirried  to  every  piirt  of 
the  btxly  through  uliislic  1uI)l-s  whioli,  coutiituiilly  bmnching 
and  bet-omiiig  grmlually  stuallor,  U-nuiuaU?  in  vpss^Ib  of  hair- 
like  fincnes})  in  which  tlit  current  is  very  slow — a  condition  per- 
mitting that  interchange  between  the  cells  surrounding  Ihem 
And  llie  blooil  which  may  be  compared  to  a  proc-esw  of  bnrtor, 
thi'  pv\\»  tnkinK  nutriment  and  oxyRen,  and  giving  (pxi'rctitig) 
in  return  dirbonic  niihydridp.  From  the!<c  miiiuti*  ve)tM.-t8  the 
blMid  i«  coiivpyed  back  towurd  tlic  sourci*  whence  it  cnmu  by 
fiimilnr  eluKtic  tubtn  which  grnduidly  incnitiw  in  ^izo  and  be- 
come fewer.  The  force  which  direclly  proi>fls  the  bloiid  in  ita 
onward  coarse  is  u  munculur  pump,  with  both  a  forcing  and 
suction  action,  though  chiefly  the  former.  The  flow  of  blood 
iii  maintained  rontitaiit  owing  to  the  reHi-^tance  in  the  stintller 
tubes  on  the  one  hand  and  the  elastic  recoil  of  the  larger  tubes 
on  the  other;  while  in  the  returning  vessels  the  column  of 
blood  is  ttupfiorted  by  elastic  double  gates  wliich  so  clo»e  as  to 
prevent  reflux.  The  oxygen  of  the  blowl  is  carried  in  disks  of 
microscopic  siw  which  give  it  up  in  proportion  to  the  needs  of 
the  tissues  past  which  they  are  carried. 

But  in  reality  the  tissues  of  the  body  are  not  nonrisheii 
directly  by  the  blood,  but  by  a  fluid  derived  from  it  and  i-csem- 
bling  it  greatly  in  mast  particular,-!.  Thi.-*  fluid  bathes  the 
tissue-cells  on  all  »\de».  It  al»o  is  taken  up  by  tubes  that 
convey  it  into  the  bloo<l  after  it  has  pnssed  through  little  fac- 
tories (lymphatic  glands),  in  which  it  undergoes  a  regeneration. 
Since  the  tissues  are  impoverishing  the  bIoo<l  by  withdrawal  of 
its  constituents,  and  adding  to  it  what  is  no  longer  useful,  and 
b  in  rwlity  poisonous,  it  becomes  necessary  that  new  material 
be  added  to  it  and  the  injurious  comjmnent-*  witbilrawn.  The 
former  is  accompHshtil  by  the  absorption  of  the  pn^idncts  of 
food  rligestion,  and  the  njldilioii  of  it  fresh  supply  of  oxygen 
dcrivi^l  from  without,  while  the  poisonous  ingredients  that 
bavc  found  their  way  into  the  blood  are  got  rid  of  through 
proowses  thnt  may  be,  in  genera!,  compared  to  those  of  a  sew* 
■ge  system  of  a  very  elaborate  character.  To  ex])lain  this  i>e* 
generation  of  tlie  blood  in  somewhat  more  detail,  we  must  first 
consiilerthe  (ato  of  food  from  the  time  it  enters  the  nmiilh  till 
it  leaves  the  trftct  uf  the  body  in  which  it.-*  prc-pumiion  ia 
carried  on. 

The  food  is  in  the  mouth  submitted  to  the  action  of  a  series 
of  catting  aud  grinding  urgauH  worked  by  powerful  muscles: 
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mixed  with  a  Huid  wliirli  changes  the  t^lnrchy  piirt  of  it  into 
sagia,  und  prcimrus  tliu  whole  to  jhus  further  on  it.scotirw: 
when  this  has  Uuvn  (u.'L'um{jl  i^huii,  the  fuotl  lit  gmsjti.-il  und 
8quooz«(l  und  pu»ho(l  along  the  tube,  owing  to  tho  action  of  ita 
own  muscular  cclU,  into  a  snc  (stomnch).  in  which  it  is  rolled 
about  and  mixod  with  curtain  Huidit  of  [n-culinr  clicniical  com- 
position derivLHl  from  veWn  on  its  inner  sntTiict-,  which  tntn»- 
form  the  proteid  part  of  the  food  into  s  form  susceptible  of 
readv  use  (absorption).  When  this  saccular  organ  has  done 
it»  sliare  of  the  work,  the  food  is  moved  on  by  the  action  of 
the  muscles  of  its  walls  into  a  very  long  portion  of  the  tract  in 
which,  hi  addition  to  processes  carrie^l  on  in  the  mouth  and 
stouinch,  tlivre  are  others  which  transform  the  food  into  a 
condition  in  whidi  it  ciin  puss  into  ihu  blood.  Thus,  nil  of ; 
the  food  that  is  susceptible  of  changes  of  the  kind  described  is^ 
acted  upon  aomowht'ro  in  the  long  tract  devoted  to  this  tadc. ! 
But  there  is  usually  n  remnant  of  indigestible  mHteniil  which 
is  linally  evacuated.  Huw  is  the  prepared  material  conveyed 
into  the  blood  ?  In  part,  directly  through  the  walls  of  the 
miimtftst  blood-vessels  distributed  throughout  the  length  of 
thiti  tube:  and  in  part  through  special  vp.ttels  with  «pi)ropriate 
cells  covering  them  which  act  as  minute?  porti'fs  (riUi). 

The  impure  blooil  is  carried  periodicnlly  to  an  extensive  snr- 
face.  usually  much  folded,  and  there  exposeil  in  the  hair-like 
tubes  referred  to  hefore,  and  thus  parts  with  its  excess  of  car- 
bon dioxide  and  takes  up  fresh  oxygen.  But  all  the  functions 
described  do  not  go  on  in  a  6xed  and  invariable  manner,  but 
are  modilled  somewhat  according  to  cirrumstancef*.  The  for- 
cing-pump of  the  circulatory  system  does  not  always  beat 
equally  fast;  the  smaller  blood-vessels  are  not  always  of  the 
same  size,  but  admit  more  or  less  blood  to  nn  organ  according 
to  its  needs. 

This  is  all  accomplished  in  obedience  to  the  commands  catv 
ried  from  the  brain  and  spinal  cord  along  the  nenes.  AU 
movements  of  the  limbs  and  other  part)*  are  executinl  in  obe- 
dience to  its  behests :  and  in  order  that  these  may  be  in  accord-^ 
aace  with  the  best  interests  of  each  particular  organ  and  the 
whole  animal,  the  nervous  centers,  which  may  be  compared  to 
the  chief  officers  of,  say,  a  telegraph  or  railway  sj'steni,  are  in 
constant  receijil  of  information  by  messages  carrii-d  inward 
along  the  nerves.  The  command  issuing  is  always  related  to 
the  information  arriving. 

All  those  [mrtii  commonly  known  as  sense-organs— the  eye^ 
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ear,  oose,  tuoguv,  «&<!  the  entire  sitrfaco  of  the  budy— are  faith- 
ful reporters  of  foctfl^    Ttmy  put  ttio  inner  iiml  outer  worlc]s  in 

LDOmmuttii^atioii,  and  without  thr-ni  nil  hij^hor  lifo  nt  lot%si  must 
e,  for  the  ur^auiiin],  likua  truiudirL-ctudby  iicoiiductur  that 
diitiyjcartU  the  danKer-xiKunU,  must  work  iU  own  destructioa. 
Without  noinii  into  further  details, suffice  it  to  say  that  thu  pro- 
cpsft'S  of  tlie  various  cells  are  subordinated  to  the  general  good 
tliruugh  till*  nervous  system,  and  that  susceptibility  of  proto- 
jlo^m  to  stimuli  of  a  delicate  kind  which  enables  each  cell  to 
lapt  to  its  surround irigK,  including  the  iuflueuce  of  r«mot«  as 

'well  us  ueighboriug  coIIk.  Without  this  thfrv  could  bo  no 
marked  advance  in  orgauisuis,  no  diSvroutiutiuu  of  h  pro- 
nounced character,  and  so  none  of  that  physiologicnl  division 
of  labor  which  will  be  inferred  from  our  brief  description  of 
the  functions  of  a  nmmmal.  The  whole  of  pliyeioloKy  but 
illustnttr'8  this  division  of  labor. 

It  is  ho]i«>d  that  the  above  account  of  the  working  of  the 
animnl  iHHiy,  brii'f  a»  it  \»,  nuty  serve  to  show  the  connection  of 
one  [Mirt  fum-llunully  M-itli  luiothi-r,  for  it  is  much  more  impor- 
fjiut  that  Ibis  should  be  kupt  lu  mind  throughout,  thuu  that  all 
thu  dotatU  of  any  one  function  should  he  known. 


LIVIKO  A4ND  UFRLESS  MATTER. 

In  order  to  enable  the  student  tho  better  to  realize  the  na- 
ture of  living  matt4T  or  protopluum,  and  to  ruuder  clearer 
the  dUtiuctiou  butwoun  the  forms  that  belong  to  the  organic 
and  inorganic  worlds  respectively,  we  shall  make  some  com- 
pariiwna  in  detail  which  it  is  hoped  may  accomplish  this  ob- 
jecL 

A  modem  watch  that  keeps  correct  time  must  he  regariled 

kiu  a  wnnderfnl  object,  n  ninrvolous  triumph  of  human  skill. 

'That  it  has  aroused  the  awe  of  savages,  and  been  mistaken  for 
a  liviuK  being,  is  not  surprising.     But,  ailmirablo  as  is  the 

.l*suU  attaineO  by  the  meclinnism  of  a  wnt^-li,  it  \»,  after  all, 

' (!omi»oMed  of  but  a  few  metals,  etc.,  ciiielly  in  fact  of  two,  brass 
aud  steel ;  theso  are,  however,  made  up  int^i  a  great  number 
of  difren_-nt  parts,  so  adapted  to  one  another  as  (o  work  in 
unison  and  accomplish  the  desired  object  of  indicating  the  time 
of  day. 

Now,  however  well  con»trucl<^(l  the  walcli  may  be,  there  are 

1  waste,  wear  aud  tear,  which  will  manifest  them-selves  more  and 
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more,  until  6na11>'  the  machine  becomeB  worthless  for  the  pur- 
pose of  its  (.'oiistruption.  tf  this  mechanism  jtoasesacd  the 
{tower  of  adapting  from  without  t'oreiRfi  matt<>r  so  as  tii  con- 
struct it  into  sliK'I  ami  brass  ami  arraiiKe  this  juwt  when  re- 
quired) it  would  imitnte  a  livinx  organism;  hut  thiu  it  e«n  not 
do,  nor  is  il«  M'liMtu  chemically  diiTcit-nt  fn»m  it*  com[M>nent 
mctalx;  it  iluex  nut  bn*uk  up  hnu<«i  ami  Kt4<el  into  simietbing 
wholly  differunt.  In  one  particulnr  it  does  closely  resemble 
livinn  things,  in  that  it  Ki'idually  deteriui-ates ;  hut  the  degra- 
datiiiR  of  a  living  t'ell  is  the  consequence  of  an  wtual  change 
in  its  conn>onent  parts,  commonly  a  fatty  degeneration.  The 
one  18  ft  real  transfurmation,  the  other  mere  wear. 

H»m1  the  watch  the  power  to  give  rise  Ut  a  new  one  like  itself 
by  any  procesn.  ospeciHlly  u  pr<K'es»  nf  ilivision  of  itself  into  two 
parts,  we  should  have  u  parallel  with  living  fonmi:  but  the 
watch  can  not  even  renew  its  own  parts,  much  less  give  rise  to 
A  second  mechanism  like  itself.  Here,  then,  is  a  manifest  dis- 
tinction between  liWng  and  inanimate  things. 

Suppose  further  that  the  watch  was  so  constructe«l  that, 
after  the  lapse  of  a  certain  time,  it  nnderwent  a  diange  in  its 
inner  nnwhiiiery  and  perhaps  it.s  outer  form,  so  u»  to  be  scarcely 
rLHiuguizalile  ii8  the  stmic;  and  that  ns  a  result,  instead  of  indi- 
cating the  hours  and  minutes  of  a  time-n>i.-koning  ii(]apt«d  tcj 
the  inhabitants  uf  our  globe,  it  indicated  time  in  a  wholly  dif- 
f erent  way ;  that  after  a  series  of  such  tranaf omial  ions  it  fell  to 
pieces — took  the  original  form  of  the  metals  from  which  it 
waa  constructed — wo  should  then  have  in  this  succession  of 
events  a  parallel  with  the  development,  decline,  and  dwith  of 
living  organisms. 

In  another  particular  our  illustration  of  a  watch  may  serve 
a  useful  purpose.  Suppose  a  watch  to  exist,  the  works  uf  which 
ore  80  concealed  as  to  he  ([uite  inaccessible  to  our  vision,  i-o  that 
all  wo  know  of  it  itt  that  it  has  a  mechanism  which  when  in 
action  we  can  hear,  aud  tlio  result  of  which  we  perceive  in  the 
movements  of  the  hands  on  the  fa<x*;  we  iihould  then  Ije  in  the 
exact  position  in  reference  to  the  watch  that  we  now  ai-e  as  re- 
gards the  molecular  movements  of  {irotoplasm.  (hi  the  latter 
tlie  entire  behavior  of  living  matter  depends:  yet  it  In  abso- 
lutely hidden  from  u*. 

Wv  know,  too,  that  variations  must  be  pnjduced  in  the 
mechanism  of  tJme-picces  by  temperature,  moisture,  and  other 
influences  uf  the  environment,  resuUing  in  alt^tn-d  action.  The 
same,  as  will  be  shuwn  in  later  chapters,  occurs  in  protoplasm. 
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This,  too,  is  primtinly  «  molecular  effect.  If  the  worke  of 
watvhe.s  were  beyutid  oliwervatiou,  we  should  not  be  able  to  state 
oxactly  how  the  variations  observed  in  different  kinds,  ot  even 
different  individuals  of  the  same  kind  ocourred,  though  those 
llifforenres  might  be  of  the  most  marked  character,  such  as  any 
one  could  nvtiKnijw.  Here  ona-  more  we  refer  thd  difffifn»N*s 
tu  the  nii>^'buni»fm.  So  is  it  with  livint;  twiugtt:  Ihi'  ultimate 
moleuular  mechanism  \e  unknown  to  us. 

Could  we  but  render  tliese  molecular  movemcnU  visible  to 
our  eyes,  we  shouhl  have  a  revelation  of  far  greater  scientific 
importance  than  that  unfolde<I  by  the  i-ocent  researches  into 
tJiow  livinx  ftjrms  of  extreme  miimteness  thai  swami  every- 
vhereosdust  in  n  suubcnm.and,  as  will  bo  learned  latur.  ore 
often  the  M>urce  of  deadly  di^uAMu,  Like  the  movemenlx  of  the 
watch,  the  activities  of  prutoploHm  arc  cea«ules«.  A  watch  that 
will  not  niu  i»,  as  such,  worthless — it  is  more  metal — has  under- 
gone an  immense  degradation  in  the  scale  of  values ;  so  proto- 
plasm is  no  longer  protoplasm  when  its  pectiliar  molecular 
movements  cease;  it  is  at  once  de^^raded  to  the  rank  of  dead 
matter 

The  student  may  obaorvo  that  each  of  the  four  propoitition^, 
embodying  the  fundamental  projHtrties  of  living  matter,  slated 
in  the  pr€«ceding  chapter,  have  been  illustrated  by  the  simile  of 
a  watch.  Such  an  illustration  is  uecessarily  crude,  but  it  helps 
one  t<i  realize  the  meaning  of  truths  which  gather  force  with 
each  living  form  studied  if  regai'ded  ari){ht:  and  it  is  upon  the 
mUiza/ion  of  Iruih  that  metitjil  growth  as  well  as  prnctical 
efficiency  dependi^ 


CLASSIFICATION  OF  THE  AKIMAL  KDJODOM. 

There  arc  human  l>eings  ao  low  in  the  scale  as  not  to  possess 
snob  general  tei-ms  as  tree,  while  they  do  employ  names  for  dif- 
ferent kinds  of  trees,  The  use  of  such  a  word  as  "  tree"  im- 
plies generalization, or  the  abstraction  of  a  set  of  qualities  from 
the  things  in  which  they  reside,  and  nmking  them  the  basis  for 
the  grouping  of  a  multitude  of  objects  by  which  we  are  sur- 
raunded.  Manifestly  without  such  h  proLOstt  knowledge  must 
be  very  limited,  and  thv  world  without  significance;  while  in 
pro|K>rtion  an  generalization  may  be  safely  widened,  is  our 
pnigreee  in  the  nnificadon  of  knowledge  toward  wliich  science 
is  tending.     But  it  also  follows  that  without  complete  kuowl- 
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viigv  lliere  can  be  nn  jjepfpct  clajtsification  of  objwta;  hencp, 
Hiiy  cIiMi.sitlrfttion  must  l>e  rt-garriod  Imt  as  the  tetnpnraiy  creed 
of  sciouco,  to  bo  inodiflocl  with  tho  extension  of  knowledge.  As 
A  matt«r  of  fact,  this  has  been  the  histor)'  of  all  Kodlugical  aod 
other  sysWnis  of  arrangement.  Tlie  only  purpose  of  gronping 
is  to  simplify  and  extern!  knowledge ;  this  being  the  ca»e.  it  fol- 
lows that  a  method  of  grouping  tluit  nccomplishejt  this  haa 
value,  though  tli«  system  may  bo  artificial  tlint  is  baited  on 
reseniblance«i  which,  though  roul  uiid  ooiistaut,  atv  associiited 
with  differences  so  numerous  and  radical  that  tbv  tot)U  Htnouut 
of  likonoRs  between  objeota  thus  grouped  is  often  Ictut  than  tb» 
difTcri'iicti,  Such  a  sy»t<*m  was  that  of  Linnwus,  who  dassifiwl 
p]unt»«  according  to  the  number  of  stamens,  etc.,  they  bore. 

Seuing  that  animals  which  resemble  each  other  are  of  com- 
mon descent  from  some  Cflrlicr  form,  lo  establish  the  line  of  do* 
sct-nt  is  to  determine  in  grwit  part  the  clftsaificatioii.  Much  as- 
sistance in  this  diruction  is  deriviK)  from  embryology,  or  the 
history  of  the  development  of  the  individual  {onlvyriiy);  so 
that  it  may  be  said  that  the  ontogeny  indicates,  though  it  do(w 
not  actually  determine,  the  line  of  descent  (phytogeni/) ;  and  it 
is  owing  to  the  importance  of  this  truth  that  naturalists  have 
In  rtrcont  years  given  so  much  att«nlion  to  comparative  embry- 
ology. 

It  willboinforrodthatana/Hrfii  system  of  classiScation  must 
be  based  both  on  function  and  structure,  though  chiefly  on  the 
latter,  since  organs  of  very  ilifferent  origin  may  have  a  similar 
function;  or,  to  express  this  otherwise,  AohioIo^ow.*  structures 
may  not  be  analoijous ;  and  homology  gives  the  better  basis  for 
classification.  To  illustrate,  the  wing  of  a  bat  and  a  binl  are 
both  homoh>gous  and  analogous;  the  wing  of  a  buttt-rfly  is 
Analogous  but  not  homologous  with  thL>SL>;  manifestly,  to  clas- 
sify bats  and  birds  togotht-r  would  bo  better  than  to  put  birds 
and  insects  in  thv  sitnn-  group,  thus  leaving  other  points  of  re- 
lationship out  of  consideration. 

The  broa^lest  possible  division  of  the  animal  kingdom  is  into 
gi-oupH,  including  respectively  one-celleil  and  many-celled 
forms — i.  e.,  int<>  Protoeoa  and  Mftnttm.  As  fho  wider  the 
grouping  the  less  ait*  differences  considered,  it  follows  that  the 
more  subilividod  the  groups  the  more  complete  is  the  informa- 
tion couvcytMl:  thus,  to  say  that  a  dog  is  a  motazoan  is  to  con- 
voy a  certain  amount  of  information  ;  that  it  is  a  vertebrate, 
more ;  that  it  is  a  mammal,  a  good  dvaX  more,  because  each  of 
the  latter  terms  includes  the  former. 
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1  Prt>li<Etnn  (nmif  liu,  vorliMlln.  ittv.% 

CitlciilrrnlB  (B(>i'n8<*.  j'-'llj-fl*''.  po'yp*.  'Us.). 
I  Ec'liiniKl?nnntn|»Ur8!<h.  WB-urMitiu.(4ci.), 

iVcrmni  (wornu). 
ATlhTO|K>dii  (crnl)^  inmcl*,  sfiiJuri.  tic.}. 
MvlliidCA  l<y^n-n.  Timlin,  rtc.l. 
MolliiM-ciiiluH  (nica»-liho  aiiltnal»). 
TunioAU  (luciiliaQs^ 

Pt«oM  (Ibhiv). 

Amphibia  lti''ti^  iiienolimiichus,  tie.). 

lUirtUia  (siittkrs,  lurtliM,  vtc), 

Avw  (WnliJ. 

AlmnmaliA  (iliiiivMic  (jniuinijHMlii,  cCCv). 


The  abovo  clnssifli^ution  (of  Clauit)  is,  liko  all  suoh  arrango- 
munts.  but  tht<  nxpresaion  of  one  out  of  many  methods  of  view- 
ing thu  animal  kingdom. 

For  tliD  details  uf  clastiificatioi)  and  for  tho  groumU  af  that 
wp  have  presented,  we  i-efer  thv  ittiulont  to  works  on  zoology ; 
but  we  advise  thosi-  who  ur«  not  familiar  with  this  subjoct. 
when  a  tivhnirAl  t«rm  is  unwl,  to  think  uf  that  ammal  belong- 
ing to  tho  group  in  qui.'sliou  with  the  structure  ot  which  they 
art)  best  acqaainted. 


Mas's  Placb  in  thk  Akimal  Kingdom. 

It  is  no  longLT  thi-  custom  with  zooloKif^'s  to  plac<>  man  in 
entirely  sojmratu  group  by  himself;  but  he  ih  i-lasiied  with 
the  yirimates,  amonR  which  are  also  grouped  tlie  anthropoid 
apes)  (fforilla,  chiro|)an9!ee,  orang,  and  the  gibbon),  the  monkeys 
of  the  Ohl  and  of  the  New  World,  and  the  leinurii.  So  great  is 
th«  structural  resemblanne  of  man  and  the  <ither  primates  that 
oompt'lviit  authorities  declare  that  there  is  more  ilifferenre  be- 
tween the  fltrutituro  uf  the  mui<t  widely  M-parntt^d  members  of 
the  group  than  betwifn  certain  of  the  nntIiro|j«jid  upe^  and  raao. 
The  points  of  greatest  resemblance  butween  umn  and  the 
anthropoid  apes  are  the  following:  The  same  number  of  verte- 
lirn' ;  the  same  peneral  shape  of  the  pelvis ;  a  hrnin  distinguish- 
ing them  from  other  mammals;  and  postm-e,  being  bipeds. 

Ttie  distinetive  eharacters  are  size,  ratJier  than  foi-m  of  the 
brain,  that  of  man  being  more  than  twice  as  larjre;  a  relatively 
hirgur  cranial  base,  by  which,  together  with  the  grmter  size  of 
the  JBWN  tbe  face  iK-eomes  prominent;  the  earlier  closure  of 
the  sutures  of  the  cranium,  arresting  the  growth  of  tbe  brain: 
more  developed  canine  teeth  and  difference  in  the  order  of 
era|>tion  of  the  permanent  teeth;  the  more  posterior  position 
qC  the  foramen  magnum ;  the  relatis'e  length  of  the  limbs  to 
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oftch  other  ami  the  rest  of  tho  Imily ;  minor  diffoponci-s  in  Hip 
liandB  BDil  ft-i-t,  oepecinlly  tliu  givutor  ftx^duiu  itud  ]iowi<r  of 
Apposition  of  thu  grmt-too. 

But  the  Kreat«st  distiuctioit  butweou  man  anrt  ovon  liis 
cluM'«(t  nllios  amunj{  the  apw  is  to  bi>  found  in  thv  dovolupint-nt 
to  ail  incomparably  hisher  doffree  of  his  intellectual  and  moral 
nature.  corrw<i)i>n ding  to  the  differenoes  in  weight  and  structure 
of  the  human  brniii,  and  aHswialH.1  with  tho  use  of  spoken  and 
written  hiUKuagi.' ;  »o  thiil  thy  i*x|K<i'ienci' of  previous  geiit-ra- 
tions  18  not  only  rL'^isteit'id  in  the  ur^nixm  (hvrodity),  but  in  u 
form  more  quickly  available  (buoki«.  L<tc.}. 

Tlie  Kreatest  stnictnral  difference  bi'twoen  the  races  of  men 
aru  rt'ferable  to  the  crunium ;  but,  since  they  all  interbreed 
frooly,  they  are  to  be  considered  varieties  of  one  species. 


THE  LAW  OF  PERIODICITY  OR  RHYTHM  IN  NATURE. 

The  term  rhythm  to  most  minds  suggests  muBie,  poetry,  or 
dancing,  in  all  of  which  it  forms  an  essential  part  so  simple, 
pronounced,  and  uncomplicated  as  to  be  recognized  by  all  with 
ease. 

Tilt"  ri'gular  division  uf  mui^ic  into  bnis,  tlio  rt'cun-enpe  of 
chords  of  the  same  uot4*s  at  certain  intervals,  of  /ortr  iiiid  piano, 
seem  to  be  demanded  by  tho  very  nature  of  the  human  miud. 
The  same  applies  to  poetry.  Even  a  child  that  cnn  not  imder- 
stanil  the  language  use<l,  or  an  a<lull  iJHtening  to  recitations  in 
an  unknown  tongue,  enjoys  the  flow  and  recurrences  of  the 
BOundi*.  Dancing  has  in  all  ages  met  a  want  in  human  organi* 
zations.  which  is  partly  supplied  in  quieter  moods  by  the  regu- 
larity of  the  st«i)s  in  walking  and  similar  simple  movements. 

But  ft«  rhythm  runs  through  all  the  movements  of  animnU, 
so  in  it  also  found  in  all  literature  and  nil  art.  Infinite  variety 
wearies  the  mind,  hence  the  fatigue  felt  by  tho  sight-seer.  Re- 
currence permits  of  rt'ituse,  and  gratifies  an  established  taste  or 
appetite.  The  mind  delight*  in  what  it  has  once  en.joyed,  in 
roiMttition  within  limits.  Repetition  with  variety  is  manifestly 
a  condition  of  the  growth  and  development  of  the  mind.  This 
seems  to  apply  equally  to  the  body,  for  every  single  function 
of  each  organism,  however  simple  or  complex  it  may  be,  exem* 
plitios  this  law  of  periodicity.  The  heart's  action  is  rhj-thniical 
{hea/.t) :  the  bhmd  flnws  in  intermitting  gni^hes  from  the  centrid 
pump;  the  to-aiid-fro  movements  of  respiration  ar<.«  ao  regular 


THE  LAW  OP  PKRlODiaTY  OR  BUYTIIM  IN  NATURE.      87 


I 

I 
I 


that  their  oessntion  would  arouKO  tlie  atUmtton  of  tltc  least 
instructMl;  food  is  duiuaiid«d  at  r^nilii*  intorvulB;  tlio  jaices 
of  tliu  di^wtivo  tnict  uw  \>ourvil  uut,  not  cousttintly  1ml  iieriod- 
ically:  tin*  inovL-aK-nU  liy  whifh  the  food  U  ur^ed  along  Un 
pHth  are  markedly  rliythtnic;  the  chemical  processes  of  tlio 
body  wax  and  wane  like  the  tires  in  a  fiirtiHce.  givinff  riso  to 
re^ilar  aufj^enUtttons  of  the  tempRmtun^  of  tlir-  hixly  at  tixed 
lioitR*  of  the  day,  with  oorresponding  [wriods  of  grf^nteai  bodily 
activity  itnd  thv  ri'venw. 

Thin  principio  finds  pvrfoct  illustration  in  tho  nervoiw  gya- 
toui.  Tho  ruspinitory  act  of  the  higher  animitlH  is  etfprted 
llirough  muscular  movumeuts  dependent  on  reffular  waves  of 
Mccitation  reaching  them  along  the  nerves  from  the  central  cells 
which  regularly  diBrharge  their  fopi'es  along  thew  chamtels. 
Were  not  the  moveiiifnt^  of  tho  body  periodic  or  rhythmical, 
instead  of  that  harmony  which  now  prevails,  uvory  muscular 
actvnuld  1>o  a  convulsion,  though  even  in  tltf  movements  of 
tho  latter  thore  is  a  highly  compounded  rhythm,  as  a  noiiie  in 
mad«  up  of  a  variety  of  musical  notes.  The  senses  are  sithject 
to  the  same  law.  The  eye  ceases  to  see  and  the  ear  to  hear  and 
the  hand  to  feel  if  continuously  stimulated;  and  doubtk-wt  in 
all  art  this  law  is  unconsciousljf  recogniKed,  That  rcA-WJ*  to  bi* 
art  which  fails  to  provide  for  the  nlteriiatL'  i-oposn  ivnd  excita- 
tion of  tho  sensM.  The  eye  will  not  tolerate  continuously  on» 
color,  the  ear  a  single  sound.  Why  is  a  breeze  on  a  warm  day 
BO  refreshing  ?    The  answer  is  obvious. 

Looking  to  the  worlil  of  animate  nature  as  a  whole,  it  tB 
notici.-d  that  plants  havr  their  i>eriod  of  sprouting,  flowering, 
Mwling.  and  decline;  animals  are  born,  pass  through  various 
stages  to  maturity,  diminish  in  vigor,  and  die.  The8«  ovonts 
make  epochs  in  the  life-history  of  each  siieciea :  Ihc  rfcurrenco 
of  which  is  so  constant  that  the  agricultural  and  other  arrange, 
ments  even  of  savages  are  planned  accordingly.  That  the  in- 
dividuals of  each  animal  group  have  a  definite  period  of  dura- 
tion is  anothei'  manif'^statton  of  the  .tame  law. 

Sti|)er(icial  ob.-iiTvati(>n  .surticL-s  Ui  furnish  fact.^  which  show 
that  the  same  law  of  i)erio<licity  is  bt>ing  constantly  exotnplitied 
in  the  world  of  inauimat«  things.  The  regular  ebb  and  flow  of 
the  tides :  the  ritM>  and  submideuco  of  rivers ;  tho  storm  and  the 
calm:  summer  and  winter;  day  and  night — are  all  recurrent, 
none  constant. 

Events  apparently  without  any  regularity,  utterly  beyond 
any  law  of  recurrence,  when  sufficiently  studied  arc  found  to 
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fall  under  tlio  mtno  principle  Thus  it  took  some  time  to  leam 
that  volcanic  eruptions  occurred  with  a  very  fair  degree  of 
regularity. 

In  judging;  of  this  and  all  other  rhythniicAl  events  it  nuist 
bo  Imrne  in  niiiul  that  tlie  time  standard  is  for  an  irregularity 
that  spcnis  large,  as  in  the  instance  just  referred  to,  becomes 
Buudi  wlien  t>(iiiHidered  iti  relation  to  the  millioiut  of  youi-»  of 
geological  tiuK*;  while  in  the  ciisv  of  miutic  a  trifling  irregu- 
larity, ju<lgvd  by  fractions  of  n  Hucon<I,  can  not  hu  tolerated 
by  the  musical  organization — which  i»  equivalent  to  tiaying 
that  the  interval  of  departure  from  exact  regularity  seems 
large. 

As  most  of  the  rhythms  of  the  universe  are  compounded  of 
several,  it  follows  that  they  may  seem,  until  closely  studied, 
very  far  from  regular  recnn-ences.  This  may  Iw  observed  in 
the  int«rfei-ence  in  the  regularity  of  the  tides  tlieinsolves,  the 
daily  changes  of  whieh  &fv  subject  to  an  incrotisu  ami  decn^aso 
twice  in  each  month,  owing  to  tlio  influence  of  the  tiunund  moon 
being  then  either  coincident  or  antagonistic. 

In  the  funotinns  of  plants  and  animals,  rh>*thms  must  be* 
come  very  gi'eatly  compounded,  doubtloas  often  beyond  recog- 
nition. 

Among  the  best  examples  of  rhythm  in  animals  are  daily 
sleep  and  winter  sleep,  or  hibernation  ;  yet,  oinid  slwjp,  dreams 
or  rpcurrunct's  of  cerebral  activity  arc  common — that  is,  one 
rhjthm  (of  activity)  ovurlics  anotht<r  (of  repost').  In  like  man- 
ner many  hi1>eraating  animals  do  not  remain  constantly  in  their 
dormant  condition  throughout  the  winter  months,  but  have 
periods  of  wakefulness;  the  active  life  recurs  amid  the  life  of 
functional  rejta'ie. 

To  return  to  the  world  of  inanimate  matter,  we  find  that  the 
crust  of  the  earth  itself  is  matle  of  layers  or  strata  the  result  of 
periods  of  elevation  and  depression,  of  denudation  and  deposi- 
tion, in  recurring  order. 

The  same  law  is  illustrated  by  the  facts  of  the  economic  and 
other  condition-'^  of  the  social  state  of  cinlieed  men.  Periods 
of  di'pwssiun  altvmate  with  periods  of  revival  in  commercial 
life. 

There  are  periods  when  many  more  marriagat  occur  and 
many  more  children  are  born,  corresponding  with  changes  in 
the  material  conditions  which  influence  men  as  well  aa  other 
animals. 

Finally,  an<l  of  special  int«rest  to  the  medical  student,  are 
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Uie  ta^vfl  of  rhythm  in  disease.  OrlaJD  twevK  havo  tlioir  regtx- 
lar  periods  of  attack,  as  intermit  teiit  fovor;  whtio  all  disvaMs 
havp  their  peritxis  of  exacerbation,  however  invariable  the 
syn)|itt>mi)  may  xeem  to  be  to  the  ordinary  observer  or  even  to 
the  patjtmt  bin)i«elf. 

Dutibtle^  thtt  fact  that  c«rtAin  hereditary  clisonses  do  not 
ai^iear  in  the  olTspring  at  onct>,  hut  only  at  th(<  ugo  at  which 
tfaiiy  wvrv  niuaifMitwl  iu  th»  pnn.<ut^  is  ovriug  to  tho  immo 
aaisif. 

Let  ns  now  examine  more  thoroughly  into  the  l-eal  nature  of 
this  rhythm  which  [(trvailes  the  entini  universe. 

It*  a  b<iw  Ih-  drawn  iu^i-oRs  a  violiii-stnuK  on  which  8omo  soinH 
pieces  of  po)>er  have  bueu  placed,  the^o  will  be  seen  to  Uy  off; 
and  if  the  InrgMt  string  bo  oxixTiiuL-nt^'d  upon,  it  can  bo  ob> 
wrvod  to  h»  ill  rapid  tiMind-fro  mutiou,  kiiowu  as  vihrutJon, 
which  motion  is  pi-rfeotly  regular,  a  defiiiit*  number  of  move- 
ments cwcurring  within  a  measured  period  of  time;  in  other 
wonls  the  motion  is  rhythmical.  In  strinRs  of  the  finest  size 
the  motion  is  not  visible,  but  wo  judge  of  its  existence  becauee 
of  the  result,  whicli  is  in  em-h  in.stuncit  a  iiound.  Sound  is  to  us, 
however,  an  »fTe<.rtion  of  the  nerve  of  he«nng  and  the  brain, 
owing  to  ihu  vibrations  of  the  tiur  caused  by  itiinihir  vibra- 
tions of  the  violio-stringi;.  Tbu  movi-munts  uf  the  iiervfn  and 
nerve-cella  an  invisible  and  molecular,  and  we  seem  to  be 
justified   in  regarding   mohcular   movements  as  t'onstant  and 

^(usociated  wUh  till  tkf  proj>etiiss  of  itinHer  whtlher  Imng  or 
dead. 
m  We  see,  then,  that  nil  things  living  and  lifeless  are  in  con* 
pknt  motion,  visible  or  invisible;  there  is  no  such  thing  in  the 
universe  as  stable  iH|uilibrium.  Cliange.  ceocvoless  change,  is 
written  on  all  thiugx;  and,  so  far  as  wo  can  judge,  these 
cbaoges,  on  the  whole,  tvud  to  higher  dwolopmeat.  NeiUier 
rhythm,  howwur,  nor  anything  olso,  is  jwrfoct.  Even  the  mo~ 
I  tions  of  planets  hiv  subjfct  to  jierturljations  or  irregularitiea 

^p  in  their  periodicity.  This  subject  is  plainly  boundless  in  its 
^^  Kopei  Wo  have  introduced  it  at  this  stage  to  pre|Mtre  for  its 
study  in  detail  in  dealing  with  ea^'h  function  of  the  animal 
body.  If  we  are  correct  as  to  the  universality  of  the  law  of 
rhythm,  it^  importance  in  biology  deserves  fuller  recognition 
than  it  has  yet  recmved  in  works  on  physiology:  it  will, ac- 
cordingly, be  frequently  referred  to  iu  the  future  chopters  ot 
tttis  iKiuk. 
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THE  LAW  OP  HABIT. 

Every  ono  munt  liiivo  niKtervod  in  himself  and  others  the 
tendoncy  to  full  Into  set  ways  of  doiiifir  certtiin  thiiif;tt,  in  which 
will  and  cleiir  puriKJso  do  not  eomit  itnmiiiivntly  into  view. 
Further  obHurvatiun  ohowK  thut  the  lowi-r  tuiiinnU  exhibit  this 
tendency,  ao  that^  for  example,  the  habitj!  of  thu  horw;  or  llio  dog 
may  be  an  amusinf;  retlection  of  thoBe  of  thu  iniuitor.  Trt-os  are 
eeen  to  bfnd  i»omianently  in  the  direction  toward  which  the 
prevailing  winds  blow. 

The  violin  that  hns  exi»erienced  the  vibrations  aroused  by 
Bome  inaster'«  hand  noquireu  u  potential  musical  capability  not 
possessed  by  an  iiistrinuont  ciiually  gonii  onjfitially,  but  the 
molecular  movomenUi  of  which  never  received  such  an  educa- 
tion. 

It  appears,  then,  that  underlyinR  what  we  fall  habit,  there  is 
Bome  broad  law  not  confine<l  to  living  thinfis ;  indeed,  the  law  of 
habit  appeara  to  be  closely  related  to  the  law  of  rhythm  ve 
have  already  noticed.  Certain  it  is  that  it  ui  inseparable  from 
all  hioloKical  phenomena,  though  moat  manifest  in  those  organ* 
isms  pro\'ided  nnth  a  nervous  system,  and  in  that  system  itself. 
What  we  usually  call  habit,  however  expressed,  has  its  physicikl 
correlation  in  the  nervous  »yst«m.  We  may  ri-fer  to  it  in  this 
Oouuectiou  later :  but  the  xubji-ct  ha^  relations  »o  nnmerous  and 
fundami'ntal  that  it  Beems  eminently  prupL-r  to  introduce  it  at 
this  early  stikge,  forming  as  it  does  one  of  those  comor-stoncs  of 
the  bioloifical  building  on  which  the  Kuperstriictufe  must  rtwl. 

When  we  seek  to  come  to  a  linul  explanation  of  habit  in  this 
ease,  as  in  moat  others,  in  which  the  fundamental  is  involved, 
iro  are  soon  brought  against  a  wall  over  which  we  are  unable 
to  climb,  and  through  which  nn  light  cniues  to  our  intellect!:^ 

We  must  simply  believe,  as  the  result  of  oliservation.that  it 
is  a  law  of  mat  ler.  in  all  the  fonns  manifested  to  let,  to  assume 
■ocustonied  modt-a  of  iK'liavior,  {x-rhaps  we  ttiay  say  molecular 
movement,  in  obedience  to  inherent  tendenciea.  But.  to  recog- 
nize this,  throws  a  flood  of  light  on  what  would  be  inexplicable, 
even  in  a  minor  degree.  We  can  not  explain  gi-avitation  in  it- 
self; but,  a^wnniing  its  universality,  repla^-^w  chaos  by  order  in 
our  speculations  on  matter. 

Turning  to  li\ing  matter,  we  look  for  the  origin  of  habit  in 
the  apparently  universal  prini-iple  th«t  primary  molecular 
movement  in  ono  direction  renders  llutt  muvenieut  easier  aftor- 
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^inSS.  And  in  proportion  to  the  frequency  of  repetition  ;  which 
Iti  equivalent  to  sayin^f  that  functional  activity  fat^iilitatvs  func- 
tioiuil  activity.  Once  accepting  this  as  of  universal  application 
in  biology,  we  have  an  explanation  of  the  orijiin,  tlie  compara- 
tive riuidity,  and  the  necpiwity  of  habit.  There  muHt  be  a  ph)'8- 
icol  bauiis  or  correlative  of  all  mental  and  moral  hahito,  as  well 
M8  those  tlint  iiiny  )>e  manifested  durinx  nivoy*.  and  iio  purely  in- 
dependent of  the  will  and  coiwciousntwtf.  We  are  brought,  in 
fact,  to  tile  habitji  of  eulU  in  considering  thu^u  urgiins,  and  that 
combination  uf  Ktructures  which  niakea  up  the  complex  individ- 
ual mamntal.  It  is  further  apparent  that  ]f  the  cell  can  trans- 
mit ita  nature  aa  altered  by  it^  experienoeB  at  all,  then  habits 
must  be  hereilitary,  which  i»  known  to  be  the  case. 

Instiuots  seem  to  be  but  cry^itHlIizeil  habiti!,  the  inherileil 
resulbs  of  agos  of  fuuctionul  lu^'tivity  in  curtain  wull-dufiiiud 
direction)!. 

To  a  boinj;  with  a  highly  developed  mora!  nature  like  man. 
the  law  of  habit  is  one  of  great,  even  fearful  signiticance.  We 
make  to-4lay  our  t^i-morrow,  and  in  the  jiresent  we  are  deciding 
the  future  of  others,  a8  our  pi-esent  ha»  been  made  for  ui<  in  part 
by  our  ancestors.  We  shall  not  pursut:-  the  subject,  which  is  ol' 
boundlaw  extent,  further  now.  but  tht^t^o  numewhat  genoral 
8tot«meat8  will  be  omplifiod  luid  applied  iu  future  chapteta. 
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It  i»  a  matter  of  <-o:nmon  olwervalion  thut  tuiinnils  onKinatc 
from  like  kiml^.  and  |(lHnt»  from  forms  nwembiitiji^  th^■nlse]ve)t ; 
while  maet  carvfully  condnctt^  oxi>eriment8  hnve  failed  to  show 
that  living  matter  can  under  any  uircunuttanceri  known  to  us 
arlao  from  other  thau  living  mutter. 

Xhat  in  a  former  condition  of  the  universe  such  may  hava 
been  the  case  had  not  been  disproved,  and  seems  to  l>e  the  logical 
outcome  of  the  doctrine  of  e%'ot»tion  as  appliecl  to  the  universe 
general  ly. 

By  evolution  is  meant  the  derivation  of  more  complex  and 
differwntiitti'd  forms  of  matter  from  simpler  and  more  homogene- 
ous ont^.  Wln.'u  this  theory  is  applitnl  to  organized  or  living 
forms,  it  is  termed  organic  erohilinn.  There  are  two  views  of 
Iheurigin  of  life:  the  one,  that  each  distinct  group  of  planta 
and  animals  was  independent!)  created ;  while  by  "  creation  "  is 
simply  meant  that  they  came  into  being  in  a  uiauner  we  know 
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not  bow,  in  oboilioiico  to  thv  will  of  u  Finit  Caufio,  The  other 
view  is  tlenomiiiatud  tliu  thi>or>'  of  dtitciiiit  with  modiiicatiuii, 
the  theory  of  triuiHmutulion.  organic  evolution  utc.,  which 
teaches  that  all  the  vurious  fonus  of  life  have  been  clurived 
from  one  or  a  few  primordial  fomui  in  harmony  with  the  recog^ 
niwil  princijiies  of  heredity  and  vjiriahility.  The  most  widely 
kiiiiwn  iiiid  iiK«t  favorably  itH-iiivifd  c-xj>"»itii;ii  of  this  theory  is 
that  of  ChiirU's  Dar^vlii,  su  that  bin  viuwu  will  bu  lirxl  i)r(«mit«d 
in  the  form  of  a  byputbt'ticul  cuuu.  Asi^ume  that  one  uf  a  sroup 
of  living  fornm  varies  from  its  fellows  ia  some  particular,  aad 
matins  witli  another  that  has  similarly  varied,  leaves  progony 
inheritinn;  this  characteristic  of  the  parents,  that  tends  to  be 
still  further  increased  and  rendered  permanent  by  sucoesftive 
pairiu^  with  funiis  possossing  this  variation  in  form,  color,  or 
whatever  it  may  be.  We  may  8U|>po80  that  thu  variatious  may 
bo  numerous,  but  are  always  small  at  thu  buginuing.  Since  all 
animals  and  plants  tend  to  multiply  faster  than  the  means  of 
sapport,  a  comi>etitinn  for  the  means  of  subsistence  arises,  in 
which  struggle  the  fittest,  as  judged  by  the  circumstances, 
always  is  the  most  successful ;  and  if  one  must  pt^rish  outright, 
it  is  the  letw  tit.  If  any  variation  nrii^ts  that  i«  unfavorable  in 
thiacontmt,  it  will  ronder  the  possessor  »  weaker  comijotitor: 
hence  it  follows  that  only  useful  variations  are  prusiTved,  The 
struggle  for  existuucu  is,  Iiowevi-r,  not  alone  for  food,  but  for 
anything  which  may  be  an  advantage  to  its  pa^tsessor.  One 
form  of  the  contest  is  that  which  results  from  the  rivalry  of 
members  of  the  same  sex  for  the  possession  of  the  females ;  and 
as  the  female  chooses  the  strongest,  most  beautiful,  most  active, 
or  the  supremo  in  some  resjiect,  it  follows  that  the  host  leave 
the  greatest  number  of  progt'uy.  This  has  been  termed  sexual 
aeledion. 

In  determining  what  forms  shall  surrive,  the  presence  of 
other  plants  or  animals  is  quit«  as  important  as  the  abun* 
dance  of  fooil  and  the  physical  ron<litions,  often  more  so.  To 
illustrate  this  by  an  example ;  Certain  kinds  of  clover  an*  fer- 
tilized by  the  visits  of  the  bumble-lKie  alone;  tho  numbei-s  of 
bees  existing  at  any  one  phicu  depends  on  the  abundance  of  the 
flehbmiee  which  destroy  the  iiosts  of  these  insects ;  the  numbers 
of  mice  will  dcin-nd  on  tho  abundance  of  creatures  that  prey  on 
the  mice,  as  hawks  and  owls ;  these,  again,  on  the  creatures  that 
specially  destroy  them,  as  foxes,  etc. ;  and  so  on,  the  chain  of 
connections  beeoniing  more  and  more  lengthy. 

If  a  certain  pti>i)ortion  of  forms  varying  similarly  were  sep- 
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arated  l>y  any  gront  imturiil  liarrier,  as  a  chain  of  tnfty  mount- 
aiua  or  an  iukTVoatng  botly  of  wat«r  of  oonsi(lemblt>  mtout, 
and  BO  pit'veiited  from  ItrfeiUug  with  fi^riuit  that  iliil  nut  vnry, 
it  is  clear  thai  there  wouUi  bn  greater  likoliliuod  of  tht-ir  diffur- 
eoces  being  preserved  and  augmented  up  tu  Ihu  point  of  their 

gl-WllPSt   Ut^jefutllHit). 

Wc  may  now  in<|uire  whether  such  has  a^^tually  been  tho 
cuur«i*  of  «Vi>uts  iu  nature.  Tltu  evidence  may  be  nrrnngLyl 
uud«r  till'  fullowing  la-ads: 

L.  Ilorpholo{^. — Brit-fly,  thero  it!  much  that  is  common  to 
entire  lar^f^  Kmups  of  animals ;  so  great,  indeed,  are  the  resem- 
blauces  1lin>ugiiout  the  whuli.' animal  kingdom,  that  herein  is 
founrl  the  stmngest  argument  of  all  for  the  doctrine  of  descent. 
T(i  illui«trat«  by  a  single  instance — fishes,  reptiles,  birds,  and 
mnmmuU  po8«»ii  in  common  a  vertebral  column  henriug  the 
same  reUtionabip  to  other  jmrtd  of  the  animal.  It  is  because  of 
resemblimcw)  of  this  kind,  as  well  us  by  thwir  diffurenoes,  that 
naturalists  aru  enabled  to  classify  animals. 

i.  Bmbrrology. — In  the  stages  through  which  animals  pass 
in  tieir  development  from  the  o\"um  to  the  adult,  it  is  to  be  ob- 
serxial  that  the  closer  the  resemblance  of  the  mature  organism 
in  different  grotips,  tho  more  tho  embryos  resemble  one  another. 
Up  to  a  certain  stage  of  dovelopuient  the  Himilarity  between 
groups  of  animals,  widely  separated  in  their  post-embrj'onio 
life,  is  marked:  thus  the  embryo  of  a  reptile,  a  bird,  and  a  mam- 
Quil  have  mucli  in  common  in  their  earlier  stages.  The  embryo 
of  tho  mammal  passes  through  stages  which  represent  condi- 
tions  which  arc  permanent  in  lower  groups  of  uniniHltt,  as  for 
example  that  of  the  branchial  urclieii,  wbic]]  are  represented  by 
the  gitls  in  fishes.  It  may  be  said  that  the  developmental  Iiis- 
lory  of  the  individual  (ontogeny)  is  a  brief  recapitulation  of 
the  development  of  the  siwriea  (phylogeny).  Apart  from  the 
theory  of  descent,  it  does  not  seem  possible  to  gather  the  true 

ilicauoe  of  such  fact#,  which  will  become  plainer  after  the 
y  of  the  chapters  on  reproduction. 
Xiiniory  may  be  cited  as  un  instance  of  useful  adapta- 
Thus,  certain  beetles  resemble  boos  and  wasps,  which  lat- 
ter an-  protected  by  stings.  It  is  believed  that  such  gmnjis  of 
beetles  as  thi-se  arose  by  a  sijecies  of  selection ;  those  escaping 
aieiuies  which  chanced  to  resemble  dreaded  insects  most,  so 
that  birds  which  were  accustomed  to  prey  on  beetles,  yet  fonred 
bec«,  wmld  liki-wisc  avoid  the  mimicking  forms. 

4.  Kudimestary  Orguu.— Orgaius  which  were  ouco  functional 
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Wla.  47  -  ^Jiosv^  I  he  ^mlir jf«  of  fgur  Qk&liimAlii  In  thL*[hrvT4jrn^i>ifiiliiii-  «la]fr>&'  'ST  it  ^iu^  tH), 
(VlTiCh  niJjiili  iKi,  AiulAinaDll^    !%«  fonillUuiu  of  ilm  i>ir>-ii  Oi(T-n*iiL  uUm^"^  at  'l-'wl- 

tri»m"nt.  whii'li  Hii*  UifM  cpowroww  <L  n,  lU)  r\»i»ri-.^rir  ni-i  h^Ip*.'!*,!  r m-»«|rf(riil  ui 

fiinotlT  1*  I>vMv*ll]|iv     Tlw  Unl.or  nnpr^  craffv-rrnr,  ],  n!|ii>'^»'hlt  a  ^"ry  *-nrtj  tiutfi'.  irltii 

or  Mai^.  H'LtEi  ll>r  llrnt   mitim'*rir:*  ft  Mmbi.  vhll»  llU'  ir^ll  4>|i'^^^»ir«  uri'  vrT    rwl«Lii]fvl. 
TKi-  iMn!  i|i-i*<'«)  rf,"*  ftiw.  Til,  kIimwh  db  mUII  luli-r  mtni:^.  Willi  Th.'  IJmU  iiii'f  ilrvrlftjiml 

•.mnl'^n.  y^'"*  «»<'■  nfiniit*»l*»  Hr^  hhii"(*h1.  TIj*'  trho|.»  iwHv<*  rtipir™  nf*'  <U*rliify  miitmiHrJ* 
the  upper  ••um  nn^rv  (biin  (h«  f'*n'tr  To  fJWJUUI^  Ihr  fv^miiftrlfaL  il»rv  Af>^  nil  nn1t)i.-crl 
b)iM<EtHy  tlii>  hifni*  Alui  Ln  Itimifji^  All  tllfi^niTiryutiLru  «rvii  rrviiii  rJii-  h-t\  nl^lr  .  [Iil'  hfviil 
*i(n-n01r  1^  itr>i¥r.  ttw  tail  wtrvinliy  bwlnw :  tb*  ftivliul  tMirk  fwni^  ti«  ib-  hclit  Tbo 
ItftfiT*  IrulnTHl'  llif  Arui>  ufirtM  In  OlT  llw  lw*Lm  Aipirfe^  luuiai-lv  :  '■.  rnn^tfmira ;  j«  ItHKl' 
br^ln:  m.  midhraln :  A.  hinit-hrnta :  n,  ifCfi^hrvlii ;  r.  cplnal  marmwT  r.  ik>v  ;  o.cvp; 
£1,  (^r:  4r.  rin^arctaM :  v.  hmrl ;  ii>.  vertt^tnl  ooLuiud;/.  f(ir?-Uml»  ;  b.  hlndtUniv ;  t.  wl 
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in  a  more  ftncient  form,  liut  sorvo  no  um  in  tho  oroattiros  in 
whicli  iboy  arr>  now  found,  bavv  raitibod,  it  is  thought,  their 
rudiinL-iitsry  conilition  through  long  pmuds  of  fomiiarntive 
(li))uii(<.  in  miiny  Kenorations,  Such  ore  the  rudimentary  mus- 
cles uf  the  ear8  of  man,  or  the  undeveloped  incisor  teeth  found 
in  the  nppcr  jaw  of  riimiiiaiitit. 

A.  Geographical  Distribation. — It  van  not  be  caid  that  animals 
and  plantH  are  always  found  in  the  localitii^rt  when*  thuy  are 
best  Httixl  to  IIouri.sh.  ThJii  hiw  licvn  vtvU  illustrated  within 
the  Itft'timu  of  th>-  prosvnl  gouuration,  fur  the  unimnU  intro- 
ducod  into  Austnilin  havi>  mini y  of  thorn  »o  miiltipliixl  ns  to 
displace  thu  forma  nutivc  to  that  country.  But,  if  wu  assume 
that  migrations  of  animals  and  transmutations  uf  species  have 
taken  pla'-p,  this  diffif^ulty  ia  in  Rreat  part  removed. 

(j,  Fal«ontol(OT.  — The  roclcs  bear  record  to  the  former  exist- 
«ncQ  of  n  9ucc<^sion  of  related  forms ;  and,  though  all  the  in- 
tcrmtiliitto  liulw  that  probably  existed  have  not  been  found, 
the  apparent  discrepuncy  can  be  oxplaiiiod  by  thu  nature  of 
tho  circumstaQci>s  und^r  which  fossil  forms  aro  preserved;  and 
the  "^imperfeoticm  of  the  geological  record." 

It  is  only  in  the  sedimentary  rocks  arising  from  mud  that 
fossils  can  lie  preserved,  anil  those  animals  alone  with  hanl 
parts  are  likely  to  leave  a  tnico  behind  them ;  while  if  these 
sedimentar)'  rocks  with  their  inclosed  fossils  should,  owing  to 
lormous  pn-Ttsure  or  heat  bi>  greatly  ohunged  (met(imorphi>si'ii), 
II  tniC4^>  of  fossils  must  <lisappear — no  lliut  the  eurlii^Hl  forms 
of  lifo,  thfwe  that  would  most  naturally,  if  preserved  at  all,  be 
found  in  the  mo^t  ancient  nicks,  are  wanting,  in  consequence 
of  the  metaniorphism  which  such  formations  have  undergone. 
Moreover,  our  knowledge  of  the  animal  remains  in  the  earth's 
crusi  is  as  yet  vi-ry  incomplete,  though,  the  more  it  is  explored, 
tbe  more  the  evidence  gathers  force  in  favor  of  organic  evolu- 
tion. But  it  must  1k>  remembered  thai  those  groups  constitut- 
ing spfcies  are  in  geo1<.>gioul  time  iatcnncdiute  links. 

7.  FomU  and  Sxittlng  Speoiei — If  tbe  auimals  and  plants  nuw 
pRopliug  the  earth  were  entirely  different  from  those  that  flour- 
iahe<l  in  the  past,  the  objections  to  the  doctrine  of  descent  would 
be  greatly  strengthened :  but  when  it  is  found  that  there  is  in 
Mmo  casus  a  scarcely  broken  succession  of  forms,  great  force  i» 
added  to  tho  arguments  by  which  we  are  led  to  infer  the  con- 
nection of  til]  forms  with  one  another. 

To  illustrate  by  a  single  instance:  the  existing  group  of 
horses,  with  a  single  toe  to  each  foot,  was  prccudod  in  geological 
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time  in  Amprica  1)y  forms  with  agrc?ater  namber  of  toes,  the^ 
latter  increasing  according;  to  the  antiquity  of    the   groupi, 


PU.  tf.— DoDMof  Ou  fMC  of  tha  dUhranl  fMwraof  £»"■'*  E^nv  Uu*'')'  a.  (OM  of  (Ins- 
AlppM  (Honosi:  ti,  tot*  at  Awkil^trium  ILnwM-  IdiiNviiFl:  €,  tOM  of  HfjiiHrrlon  (PUo- 
Ofne):  i(.  foot  of  tha  n«rat  K">ua  Mi"*"' 

Them  fonus  occur  in  suewwliug  goologionl  fornmtions.  It  is 
impossible  to  resist  tlio  cuncliuion  that  thoy  aru  rvlntwl  gene- 
alogically (phylogonctically). 

8.  Progrowion. — Inasmuch  a»  any  form  of  spocializalion  that 
would  givu  mi  animal  or  plant  an  advantage  in  the  struggle  for 
existence  woulil  \w  preserve*!,  ajid  as  in  tnnst  rasa'*  when  the 
omnpoting  forms  an*  numerous  «ueh  wniiM  I)"  the  case,  it  is 
possible  to  undurstand  how  tho  orgauii^m!)  thiit  have  appeared 
have  tended,  on  the  whole,  toward  a,  most  pronouncorl  pro- 
gression in  the  scale  of  existenco.  This  is  w<<U  illustrated 
in  the  history  of  civilization.  Barbarous  tribes  give  way  be- 
fore ci\ilized  man  with  the  numberless  subdivisions  of  labor 
he  inatitntes  in  the  social  organism.  It  enables  greater  num- 
bers to  flourisli  119  the  comiietition  is  not  so  keen  as  if  activities 
could  he  fxeivise-l  iii  a  few  directions  only. 

9.  Domeaticat«d  Animali.— Darwin  studied  our  domestic  ani- 
mals long  and  oarcfully,  and  drew  many  important  conclusions 
from  his  rysenrches.  He  was  convinced  that  they  liad  all  been 
deriveii  from  a  few  wild  representatives,  in  accordance  with  the 
princi]des  of  natural  selection.  Breeders  have,  both  consciously 
and  uncoii.ii;it)Hi*!y.  formed  races  of  animals  from  .'itocks  which 
the  new  gi-oiips  htive  now  supplanted  ;  while  primitive  man  had 
tamed  various  species  which  he  kept  for  food  and  to  a^ist  in 
the  chase,  or  as  boasts  of  bunlen.  It  is  impossible  to  believe 
th&t  all  the  different  races  of  dogs  have  origiiiatetl  fruui  dis- 
tioct  wild  stocks,  for  many  of  them  have  Ijoen  furmt-d  within 
recent  iwriorls ;  in  fact,  it  is  likely  that  to  thv  jackal,  wulf,  and 


THB  ORIGIN  OP  TUB  POEMS  OP  UPE. 


47 


fox,  most  we  look  for  the  wild  pro^nitors  of  our  tlo^.  Dai^ 
vin  ooncliided  that,  as  mau  had  only  utilix«d  the  materiaU  Na- 
Uir*^  providwl  in  fomiinK  hin  races  of  domestic  animals,  he  had 
avitiktl  hiiii.-t«lf  of  tiie  variations  that  arose  spi^iitaneously,  and 
incrofisc-d  and  tixed  thorn  by  breeding  those  pot«sessing  the  same 
variation  togvther,  so  the  like  batl  ooourred  without  hin  aid  in 
natui'u  among  wild  form& 

Erolutioniiits  ar(^  divided  as  to  the  origin  of  man  himtiolf ; 
some,  like  Wallace,  who  are  in  accord  with  Darwin  a^  to  the 
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Tut.  ».-~flkty*Bti  of  luuiil  nr  fon>-ri>nt  vt  Hx  munnikli.  I.  man  ;  tt,  iloic ;  in.  |iIk  :  IV.  ox  ; 
V.  taptr ;  VI,  hone.  r.  radliii :  u.  ulna :  u.  i>»phi>t'l  -.  b,  iFnil  luiisr :  r.  IHqwtm rn  IcnnH- 
ronn)  1  <«.  trvprtfufn  :  r.  inLpr-ujld  :  /,  oftiiliAEiiiu  {uoclroriii  priwotvif ;  tt,  hanintuni  fund- 
tnnn  IkidbI  ^  p.  pbironn  :  I.  Uiumb :  i.  iliicU  i  S.  mlilills  fUiKir :  I.  rinKdUb-M :  ^  HUta 
lliitlil      (AtUTtlaiivabaur,) 

origin  of  living  forms  in  general,  believe  that  thv  thettry  of 
natural  selection  does  not  suffice  t->  account  for  the  iiit^'llei-tuu] 
and  moral  nature  of  man.  Wallace  hi'lievea  that  man'^  body 
has  been  derived  from  lower  fonns,  but  that  liis  higl^-r  nature 
is  the  result  of  some  unknown  law  uf  accelerated  <leveIopmuut ; 
while  Darwin,  and  those  of  his  way  of  thinking,  consider  that 
nuia  iu  his  entire  nature  is  but  a  Kranii  development  of  powers 
existing  in  minor  degree  in  the  animals  lielow  him  in  the  scale. 

gnmmary.— Every  group  of  animals  and  plants  tends  to  in- 
crease in  numlwm  in  a  goomotricHl  progression,  and  must,  if 
unchecked,  ovemin  the  earth.    Every  variety  of  animals  and 

it»  imparts  to  its  offspring  a  general  resemblance  to  it«elf. 
with  minute  vurintiong  from  the  original.  The  variutions 
of  offspring  may  be  in  any  direction,  and  by  accumulation 
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constitute  Axeil  diftoroiK^vs  liy  wliich  »  now  Ki^tup  is  marki-d 
off.  In  the  diMerniiniitioii  uf  thu  variutions  that  pomsU  tfiu  law 
of  flurvival  t»f  tlie  titk-Si't  "ix-mtys. 


REPRODCCnON. 

As  has  been  already  notU-ed,  protoplasm,  in  whatever  form, 
after  passing  through  certain  sta^res  in  development,  iinilorgous , 
a  decline,  and  finally  diet*  and  joins  the  world  of  unor^nniKi; 
matter;  so  that  the  pennanonre  of  living  thin;^  dt-mantls  tho 
constant  formation  of  new  individuals.  Ctroups  of  nuiiuuU 
and  plants  from  time  to  time  Ix^como  extinct;  hut  tho  lifotima 
of  tliL<  spiicit's  is  always  long  conipari'd  with  that  of  the  individ- 
ual.  Kepi-oduflion  Itv  division  SLimis  to  arist-  from  nn  exigency 
of  a  nutritive  kind,  Ijcst  exemplified  in  the  simpler  organisms. 
When  the  total  mass  Ihjcoiucs  too  gi-eat  to  be  supported  by 
absorption  of  pabulum  from  without  by  the  surface  of  the 
body,  division  of  the  organism  must  lake  plai-e,  or  denth  ousuiq, 
It  nppeai-s  to  be  a  matter  of  indifference  Jiow  this  is  accom- 
plished, whether  by  fission,  endogenous  division,  or  gemmation, 
80  long  as  separate  portions  i>f  protoplasm  result,  oapuble  of 
leading  an  indejiendent  fxistencc.  The  very  undifferentiated 
character  of  these  simplo  forms  propai-cw  us  to  understand  liow 
each  fragment  may  go  through  the  came  cycle  of  changes  as 
the  parent  form.  In  such  cuscs.  speaking  generally,  a  million 
imliWdtiabi  tell  the  same  biological  story  aa  one;  yet  these 
must  exist  aa  individuals,  if  at  all,  and  not  in  one  great  united 
mass.  But  in  the  case  of  conjugation,  which  takes  jdace  some- 
times in  the  same  gi-oups  as  iilso  multiply  by  division  in  its 
Taiious  foruijj,  tliere  is  plainly  an  vntii-uly  new  aspect  of  the 
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case  pivsontwl.  Wg  havn  already  ahowti  that  no  two  cetU,  how> 
over  much  alike  Ibcy  may  f^em  as  rcganlii  form  oud  tho  cir- 
cumstain'HR  under  vrliirh  they  <>xi«l.  c«ii  li»vc,  in  tho  nature  of 
tbe  caw,  prpcicely  tli«  snow  liUlory.  or  bu  llie  subjects  of  ex- 
actly llic  same  oxportoncus.  Wo  luivo  aUu  pointed  out  that  all 
thfw  phciioiHCim  of  coll-Ii  fv  nrv  known  to  us  uuly  as  adaptations 
of  internal  U>  i<xt**nial  cDmlitiona;  ftjr,  though  we  may  nut  ho 
always  able  to  trace  this  connection,  tbe  inference  in  jneti- 
&Bbl(>,  because  there  are  no  facta  known  to  ns  that  contradict 
such  nil  assumption,  while  those  that  are  within  our  knowledge 
boar  out  the  generalization.  We  have  already  li?arii(i<)  that  liv- 
ing thinpi  are  in  a  state  of  constant  chan^,  rnt  indeed  arc  all 
things;  we  have  observed  a  constant  rt-hitioii  l«IwPon  certain 
changes  in  ihu  environntcnt.  or  kuui  total  uf  tho  surrounding 
conditions,  tu^,  for  example,  tem{>cruture  uiid  thu  behavior  of 
the  protoplasm  of  plants  and  animals ;  so  that  we  must  believe 
that  any  one  form  of  protoplasm,  however  like  another  it  may 
seem  to  our  cnmjiaratively  imperfect  observation,  i.-*  iliffcrent 
in  some  respecta  from  every  other — as  different,  relatively,  ns 
two  human  beings  living  in  the  same  community  during  the 
whole  of  their  lives;  and  in  many  cartes  i\»  unlike  as  individuals 
of  \i'ry  dilTcD-nt  nationality  and  history.  Wo  are  aware  that 
wbi'ti  two  such  iM>rsous  uicot,  provided  thu  unlikeness  is  not  so 
great  as  to  prevent  social  intercourse,  intercommunication  may 
prove  very  instructive.  Indeed,  the  latter  grows  out  of  the 
former;  our  illuslration  is  itself  exydained  by  the  law  we  are 
Mtdoavoring  to  nink>i  plain.  It  would  appear,  then,  that  oou- 
uous  division  of  prutopliwm  without  external  aid  is  not  po»- 
lie:  but  that  (he  vigor  necestairy  for  tliis  must  in  some  way 
lie  imparted  by  a  particle  (cell)  of  similar,  yet  not  wholly  like, 
protoplaaiti.  This  seems  to  furnish  an  explanution  of  the  neces- 
sity for  tbe  conjugation  of  living  forms,  and  the  differentiation 
of  MX.  Very  frequently  conjugation  in  the  lowest  animals  and 
planl'*  18  followed  by  long  ]>eri<Hl!4  when  division  is  the  prevail- 
ing method  of  rcprorluction.  It  Ik  worthy  of  note,  too,  that 
when  living  forms  conjugate,  lliey  both  bt'come  qnicncent  for  a 
longer  or  shorter  time.  It  is  as  though  a  period  of  ]>rei>aration 
preceded  one  of  extraordinary  activity.  We  can  at  prtisent 
trace  only  a  few  of  the  steps  in  this  rejuvenation  of  life-stuif. 
Some  of  these  have  been  alreiidy  indicated,  which,  with  others, 
will  now  be  further  studied  in  this  division  of  our  subject,  both 
becaUKO  reproduction  throws  so  much  light  on  cell-life,  and  be- 
ntuo  it  ia  80  important  for  thu  understanding  of  the  physio- 
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logiciil  behavior  of  tissues  and  nr^nns.  It  may  be  swiH  to  he 
quite*  n»  ini[)oi'tiuit  that  the  ancestral  histnry  of  the  wWa  of  nn 
organism  he  knnwii  as  the  history  of  the  units  cnmposing  a 
rummunity.  A,  B,  ami  C  ran  he  much  better  undei'slood  if- 
we  know  stimflliiiiir  alike  of  the  history  of  their  rticv,  thi-ir  nn- 
ceHtorii,  anil  tht-ir  own  [Hii«t ;  «o  is  it  with  tliu  study  of  iiiiy  indi- 
vidual, animal,  or  gi-oup  of  animaltn  or  pliint«.  Afcordinply, 
embryolojjy,  or  thu  history  of  the  origin  and  development  of 
tissues  and  orpans,  will  ctncupy  a  prominent  ]>Iaee  in  the  va« 
rious  ciiapters  of  this  work.  The  student  will,  theivfoi"*,  at 
tho  ouUset  he  furnished  with  a  general  account  of  the  .subject, 
while  many  details  and  npiilications  of  prinoipk-s  will  be  left 
for  thi^  chaptL-rs  that  trwit  of  the  functions  of  the  various  organs 
of  animals.  The  morv  knowledge  tho«tudent  poasescieA  of  sso. 
ology  the  bt'tter.  whili'  this  science  will  appear  in  a  new  light 
under  the  study  of  embryology. 

Animals  are  divisible,  according  to  general  stmcture,  into 
Pmiozon,  or  unicellular  animals,  and  Mftnzo»,  or  uiulticL-Uular 
forms^ — Ihat  is,  animals  cnniposeri  of  cell  ai;grvgateM,  tissues,  or 
rgans.  Among  the  Intter  one  fonn  of  n'j>rodncliijn  a])ppars 
ar  the  Hrst  time  in  the  animal  kingdom,  and  becomes  all  but 
universal, though  it  is  not  the  oxclusivo  method;  for, as  seen  in 
Hydra,  both  this  form  of  generation  and  the  more  jirimitivo 
gemmation  occur.  It  is  known  at^sexiul  multiplication,  which 
ueually.  thongh  not  invariably,  involves  conjugation  of  two  un- 
like cells  which  may  arise  in  the  same  or  different  individuals. 
That  the«t;  cclU,  known  a.s  tho  nialo  and  fenuile  dements,  the 
ovum  and  the  spermntoKUfln.  arc  not  neceKsnrily  radically  differ- 
ent, is  clear  from  the  fact  that  they  may  arise  in  the  one  individ- 
ual from  the  same  tissue  and  be  mingled  t^igelher.  These  cells, 
however,  like  all  othnrj*.  tell  a  story  of  continual  progressive 
differentiation  corresponding  to  the  advancing  evolution  of 
higher  from  lower  forms.  Thus  brrmaphroitUium,  or  thecoes- 
islence  of  organs  for  the  production  of  male  and  of  female  cells 
in  thu  same  individual,  is  confined  to  invertebrates,  nmong 
which  it  18  rather  tho  exception  than  the  rule.  Atoi-eovvr,  in 
such  hermaphroilite  forms  thounionof  cl-IIs  with  greater  differ- 
ence in  experiences  is  provided  for  by  the  union  of  different  in- 
dividuals, fka  that  commonly  the  male  cell  of  one  individual 
unitOA  with  (fertilizes)  the  female  cell  of  a  different  individual. 
It  sometimes  happens  that  among  the  invertebrates  the  cells 
produced  in  the  female  organs  of  generation  possess  the  ]iower 
of  division,  and  continued  development  wholly  independently  of 
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the  aoooM  of  »ny  male  cwll  (ji«r//if?iogfiip»iff) :  «ucli,  however,  is 
Jmost  never  th©  exclusive  metliod  nf  im-renst'  f^ir  ftiiy  group  of 
limols,  and  is  to  be  regarded  as  a  retention  of  a  more  nncitmt 
■"methoil,  or  iierhnjjs  rather  u  rcrrrsion  to  ti  [Hist  Ijioloyiail  fon- 
ilitioii,  No  iusliiucu  of  i'uui[]K'ti>  piirthenogenesii^  Ls  kiiuwu 
nmoug  vertebrates,  altbuugli  in  birds  {Hirtial  duveluproent  of  the 
egg  may  take  place  independently  of  the  intluence  of  the  male 
sex.  The  best  examjilefl  of  partbunogenesiB  are  to  l)e  found 
among  in.iBct«i  and  cniRtaceanf). 

It  is  to  be  remeniberi-il  that,  while  th©  cells  wbieb  form  the 
tissues  of  the  borly  of  an  animal  have  become  »i)eeia}ised  to 
discharge  one  partiuubir  fumitiuu.  they  have  not  wholly  lost 
all  otberx;  they  do  not  remain  cliarat^'U-riittic  amu.>buid8,  am  we 
may  t«nn  celU  closely  resembling  A  mi  eba  in  behavior,  nor  do 
they  wholly  forsake  their  anceetral  habits.  They  all  retain  the 
power  of  reprrxluction  by  division,  eaiterially  when  young  aud 
moat  vigorous ;  for  tiRsiie8  grow  nhieFly  by  the  production  of 
new  cells  rather  than  the  enlargement  of  alreaily  mature  onea. 
Cells  w.iir  out  ami  must  be  replaced,  which  is  cflWttid  by  llie 
processi's  ulrewly  diwcribiHl  for  Anitubn  and  similar  forms. 
Moreover,  there  is  retained  in  the  blood  of  animals  an  army  of 
cells,  true  nmtBboids,  ever  ready  to  hasten  to  repair  tissues  lost 
by  injury.  Thi'seare  triif  reniriantiiof  a»  embryonic  condition; 
for  at  one  period  all  tlie  cells  of  the  organism  were  of  this 
uudifferentiatci),  pla«tic  character.  But  ihr  cell  (oimm)  from 
which  the  individiinl  in  its  entirety  ant!  with  all  its  complexity 
arises  mostly  by  the  union  with  another  cell  (nj/fntiutuzoOn), 
muat  be  considered  as  one  that  lias  remained  unspecialized 
and  retained,  and  perhaps  increased  its  reproductive  functions. 
They  cerljiinly  have  become  more  complex,  The  germ-cell 
may  l>o  coDi<iderLtd  luiApmalixcd  M  nganis  other  functions,  but 
highly  specialiaod  in  the  one  direction  of  «xcee«lingly  great 
capacity  for  growth  and  complex  division,  if  we  take  into  ac- 
count the  whole  chain  of  results;  though  in  considering  this  it 
must  bo  borne  in  mind  that  afti^r  a  certain  stage  of  division 
each  individual  cell  rept^it^  its  ancestral  history  again ;  that  is 
to  say,  it  diviiles  and  givi-s  rise  to  cells  which  progress  in  turn 
as  well  as  multiply.  Fi-om  iiuother  point  of  view  the  ovum  is 
a  marvelous  storehousu  of  energy,  latent  or  |H)tential,  of  enui-se, 
hut  under  proper  conditions  liberated  in  varied  and  unexjiected 
forms  of  force.  It  is  a  sort  of  storehouse  of  bitdogical  energy 
in  the  moat  concentrated  form,  the  liberation  of  which  in  sim- 
pler forms  gives  rise  to  that  complicated  chain  of  events  which 
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is  tcrmcil  by  tlm  biolnjfi*'*  development,  Trat  which  may  l»fi  i 
pressL"!  by  tii«  J>)iy»icilti^i8t  as  the  transformation  of  jxitiintiiil 
into  kint'tii;  uni-rKy,  nr  the  energy  of  motion.  Viewowl  chemic- 
ally, it  is  thi'  ofl-n-iK-u-twl  story  of  Oic  pnxliictioii  of  fonns.  of 
j^l^reater  Dtabilily  ud<1  (iimplicity,  fmni  iiiorv  uiisUiblu  tuni  com- 
plex ones,  involving  thruiighoiit  thu  prtx-ess  of  oxi<httioii ;  for  it 
munt  ever  be  kept  in  mitui  that  hfv  itnd  oxidtitioti  urv  i-oiicomi- 
tant  and  inaepurable.  The  further  study  of  ropntductioii  In  the 
conrret«  will  render  the  meaninj;  aud  force  of  maoy  oE  the 
above  statements  clearer. 


Tub  Ovdh. 

Tho  typical  femal**  coll,  or  ovum,  conttiRts  of  n  msss  of  proto- 
pliu^m,  usually  glohiilai- in  fnrin,  coutaiuin^  a  iiuclousand  nu- 
oleoliis. 

The  ovum  rany  or  may  not  hu  iuvcsled  by  a  membrane ;  the 
protoplniim  uf  the  body  of  thu  cell  is  uKually  highly  gniimlar, 
and  may  have  stored  up  within  it  a  varying  amount  of  proteid 
material  (fooil-yetl;),  which  has  led  to  division  of  ova  into 
classes,  acgordinj;  to  the  manner  of  iliatribution  of  this  nutri- 
tive reserve.  It  is  either  concentrated  at  one  pole  (Wo/cct/A- 
nl);  toward  the  center  {centrtJerUhnl) ;  or  evenly  distrihut4^d 

throughout  {iili-rithiil).  Dur- 
ing developmeut  this  material 
'm  conviTtod  by  the  agi-ncy  of 
llu>  cells  of  the  young  organ- 
ism {embryo)  into  active  pn>- 
loplaam;  in  a  word,  they  feed 
upon  and  assimilate  or  build 
Tip  this  food-stulT  into  thoir 
own  substance,  iw  A  inu'ba  dues 
with  any  proteid  uinlerial  it 
appropiiati"!*. 

The  u\w]t:\i»  {germinal vesi- 
cle) is  largo  and  well-defined. 

-_  „    - ,  „  ,, ,  ,        and   contains  within    itself   n 

(itkmiDiuu>u»  I'l  11111  iSt'iiifiTk    iiii;bir    hufhlv     ri'fracli vo      nnclcobiu 

™«i  fi*.  BWinWl  mUoIr-;  gi.  Krrmfnnl     {gfniltnill  XJH/t).     These  closelv 

rwsomblu  in  general  the  rest  of 
the  cell,  but  stain  more  deeply  and  are  diemical ly  different  in 
that  they  contain  nvrlrinr  {ntirh^oplnitm,  rhromnfin). 

It  will  he  observed  that  the  ovum  differs  in  no  essential  par- 
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Fw.  tf—A  humui  rn;'ni<i«li  Fnlii>R<^ir'  l'^""  <)>it  otBr?  ot  a  Ipmnln.  Tliv  uholn  p|UC  >i  ■ 
«lmpl*  KidwrroAl  uu.  Thi*  irivatvr  pan  oF  llih  vttt  lit  foriiitil  (i>  itw  ti^uE-yi-Ik.  tfV  ibi*  jtraii- 
uIbt  cipir-<airatniii.v  ^pn'U'plAim  i,  k.-7trjhivlnk'  f*f  1unuETir-mbl<^  >i-lk-]criiiniJi'N  mIeIi  a  lilllM 
Jiilvrx'*n"li>r  ui^-humhv-  In  iJin-  kifi^mi-  ^uut  c^r  ifi'-  3'rik  ItiM  Ihi^  larL^Tir^  Hlfiliiilnr.  iri-nii- 
*ietkiie\.  ofTvipnn'tlru-^-l'tp  Th'>  i^^tl-ti-Tni'l  nimiVmrb  I'lii*  ^^iLiiaitH  n  'Inrkcr  ui-'ID-viiot. 
■imiilM  Ui  Uf  I  I  Till-  iil'ihiilnr  irik  niuH  I*  •uitouixIkI  tij   n  llilvk.  Ihibl- 

'i'Bate«4«ti(«I«iiii  '  ;.>i-"ii''iiiii.  iir  iA<iri'.-i>>.    Ttala  !•  (rawin]  hj  tvty  iiumtmu* 

'  lull  111  iliin    Ti^  .  <t>u']  ilu>  t-riitrui  f>i"'  <**  <>>■*  "iBo:  ihiiw  ftn>  ihu  |wrau* 

cuahi  Ifetvu^  whii'ii,  111  lit--  xiiinvcif  trrrlliattlvu.  Ihr  llinwl'flhiilMi;!,  uctltr  ■|ima-«Bll« 
pciwtnUr  Uilo  tlie  triEK-^lk.     Iltii«7krl.) 

ticulur  of  Ktriicturu  fmin  otlior  colls.  Its  ilifFeroiiccg  are  hidden 
oacit  uf  inultt'iiliir  striR'ltiro  uiid  fiiiii-tii>iinl  boliivvior.  In  nc- 
conlauL'ti  with  lh»  divuruu  circumstitni'i-s  uiKk-r  w)iii!li  uvh 
mature  and  develop,  certain  variations  iu  strucluro,  moKtIy  of 
the  natnre  of  ndditions,  pre^pot  themselves. 

Thus,  ova  may  be  nnked.  or  proviiled  with  one  or  more 
coverinjfs.  Id  vertehniteH  there  are  usually  two  iiieuibranei< 
aroutid  ihe  protoplasm  of  the  ovum:  a  deliciite  covering  ( I"»- 
hUine  mrmbmnf),  Ixmenth  whirli  tln-re  18  another,  which 
M  Movc-like  rpr»m  uum«roiis  porforntion«  (;«n<i  radinta,  or  z. 
pfUiiriiln).  The  o^  mcmhraiie  way  be  imprf>;Datod  with  lime 
«ai\s  {aheU).  Between  the  merobraues  and  the  yelk  there  is  a 
fluid  albuminous  substance  secreted  by  the  glands  of  the  ovi- 
duct, or  by  other  special  glands,  which  provide  proteid  nutri- 
ment in  (lifTerent  physical  condition  from  that  of  the  yolk. 

The  Rftueral  naked-eye  appearaiiceii-  of  the  ovum  may  be 
Icamisl  from  the  examination  of  a  hen's  egg,  which  is  one  of 
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the  m<wt  voi»iilicuU>il  known,  iniismiioh  as  it  h  adftplod  for 
(iuv«I(jpmvnt  uutsiilf  of  tlio  Ijuily  of  llii-  inolliiT,  niiil  must,  con- 
sequently, be  ciiiMible  of  preaerviriK  iu  form  »Jid  t'KHuiitml  vital 
l»n»Iierties  in  a  medium  i»  vrhidi  it  is  liuhlti  to  niuK'rgo  liiss  of 
wat«r,  pri>tecltHl  as  it  uow  is  «-itli  shell,  etc.,  but  which,  at  iho 


\.  \. 


Fio,  m— Dtecnikininaili.'  wctloo  of  tn  unlmpnvnalpil  fowVn  en  iFwur  aoil  BBirour.  aftf* 
AHpii  ThcoiuHihu  M,  bloil'xlPTTii  nr  oiuivcriciila  :  vi^  y,  whiit-  yoUi :  y.  y.  yellow  yplk  ;  rit.  L 
choiUdA  ;  f  «,  w,  tiiiu^r  Ujvr  <tf  n^jfij  ii,rri,limfic :  «,  ni.  <iii1it  Uijvr  or  fibi-U  iiiviulinuw ;  ^ 

ftlburalJDouji  lairr  fyinjf  ni-x\  thi>  vit^lllij,*  jiK'rnT,rftiii>- 

sam^  tiim<,  iKTiiiitN  tin.'  I'ntvmir.-  i>f  oxygen  and  moisture,  and 
conducts  hual,  all  luring  vssi-ntiiil  for  thi>  (K-vt-lojiincnt  of  the 
germ  vrithiii  this  largw  fooil-iniu's.  Tho  slivll  surves,  ovidootly, 
fhiefly  for  pnitt'i-tiuu.  NiiK-t>  thtio^gsof  SL-rpunts  (suakos,  turtles, 
etc.)  arp  providLnl  only  with  a  vi-ry  louj^h  mumbranumi  cover- 
ing, this  answfrins  every  purjioso  in  eggs  buried  in  Mind  or 
otlierwiso  prot^ted  as  theirs  usually  are.  As  the  hen's  egg  ia 
that  most  rondily  studied  and  mottt  Familiar,  it  may  be  wvll  to 
dcscrilxj  it  in  somewhat  further  del.iil,  an  illustniteil  in  thu 
abovv  figure,  from  the  I'SaminutiMU  of  whleh  it  will  bo  a|>> 
parent  that  the  yvlk  itself  is  nuule  up  of  a  whito  luid  yellow 
portion  ilistributeil  iu  altfmating  zones,  and  composts!  of  ot'lls 
of  different  mien )!<<.-<>] licnl  ap|>earance8.  The  clear  albumen  is 
j-tructuitde*8. 

Thf  celativt'  distribution,  and  the  naturu  of  the  accessory  or 
uou-eKMential  parts  of  the  hun'K  ugg,  will  he  uuilcrstood  when  it 
is  rt-menibered  llial.  after  leaving  il--*  seat  nf  (irijcin.  which  will 
be  presently  described,  lUu  ovum  pas»uis  alou)^  u  tube  (oviduct) 
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^^^ronveniPnt  imparlm]  to  it.  t>y  Hio  mu^iculiir  wnll»  of  Ili« 
bitter,  tiiliiilar  to  thiit  uf  tllu  |{uI1l-1  iluriiig  lli>.-  swiillowiug  cif 

■  fiKid ;  tlinl  thi»i  tube*  U  pn>vidi-«l  witli  gliuidit  wliioli  )9M-rete  in 
torn  the  u)bum4>u,  tlw  mi'mbruuu  (uutvr),  tht»  Umo  ttalte  of  ttie 
Bhell,  Ptc.  The  twiat«J  ajiiKtantncw  of  thu  poiJH-Iike  structures 
{chniaztF)  nt  each  pint  is  owitiK  to  the  i^ptral  rotatory  niovenuint 

rtJie  egg  hoif  iiiiilergone  in  its  descent, 
Thenir-4^tmmb<ir  at  the  htrger  end  is  not  prc^-nt  ftx^m  the 
int,  but  n-sult»i  from  <'vii|>i>ratmn  i>f  th';  lUiid.-f  of  tin?  alhumon 
lad  U)w  enlrunco  of  atmos{ih<>nc  air  after  the  egg  is  laid  somo 
time. 


TriE  Orioin  and  Deveix)PMEXT  of  thb  OvrJL 


Between  that  protrusion  of  cells  which  givuA  rise  to  the 
bud  which  develope  directly  into  the  new  imlividunl,  nnd  that 
which  forins  the  ovary  with- 
in which  tho  ovutn  act  a  mod- 
Ifiotl  cell  ari:^««.  thcrv  is  not 
in  Hydm  uiiich  difTi-n-ncu  at 
fini  to  bo  obsurvod. 

In  the  niauuuBl,  however, 
thtj  ovary  is  a  more  complex 
structure,  thouRh,  relatively 
tu  many  or^ns,  still  simjile. 
It  ooasi»t«(,  in  tho  main,  of 
Oouticrtive  tisMie  sujiplied 
with  vi-»i«»-U  »iid  iit'rvt?!*  io- 
elusing  lutnlitiontions  of  that 
tiasuo  ( O  mafia  n  fvllictta) 
within  which  tho  ovum  is 
ttuiturod.  Tho  ovum  uud  thu 
follicles  arise  from  an  invor- 
idon  of  epithelial  cells,  on  a 
portion  of  the  Iwdy  cavity 
Igerminnl  riV((;.»>,  which  give 
rifle  tu  the  ovum  it^idf,  mid 
lhi>  olhi-r  cflU  surrtmnding 
it  in  iho  GriiAfiun  follicle. 
At  first  thc«e  inventions  form 
tuhiiliM  {egg-iubts)  which  lut- 
i-r  Iwome  broken  up  into  iso- 
Ulv<l  uMts  of  cells,  the  fore-runners  of  thu  OnuilJun  follirlfA, 

The  Graafian  follicle  consists  externally  of  a  fibrous  ca|mul« 


ill: 


Fm.  01.  ■So.-tino  tliMiiiih  t'lrili.n  'if  ili"  o^aiy 
of  mviniuL  lUuaniUfiiE  uio'lc  of  'liitFlnp- 
miim  of  the  OnuUtan  follli'ln  ivnnli-r- 
■liHnv  A<ltaru«imill||T>nii>;  fc'-.ilix'iKUTii ; 
O.  folltoiTiv  tylUt  of  ir^niiitia]  i.|Fhhi'Liiuii ; 
0. blood 'Tmvl* ^  V.  p-rn.iiiAl  v.-*iii'l-- iiiiK'U»- 

mliHl  .|Jltlip|liim  .  IJ,  I  .ii.-ii  fiilMoiiJl  :  Mv. 
mrmWKtin  '<r  Iiiil^i'a  t'numlK^M,  oi  r<>[Tl('Uljv 
tplthrUum  ;  Mi'  ti-nii  t^-Wii^-uin  :  I's,  to- 
gmwtlm  rrutn  tiio  ic-FmiftuI  PiklFlji'riiiria.  *nvk- 
riiUl  tlllfm.  Irv  lili^oiit  '<r  vliJi^tl  *iiMk<^  <if  Ihp 
niiiU  n-Iain  iVlr  (-.iihmvIIoh  ullh  lln-.'pllliiv 
llqm  :  S>  vnvtIT  irlilcli  «|i(mtr«  WltUil*  Oio 
Urutliin  fnllii'lr  ;  .%■.'.  ■tnuiui  iit  '.viu-y  ;  'If. 
tliii«  [<>llU.-iill'iri-ai>ni)i-;  /'.  |irli<iiil>i'  on. 
Wlii-n  ui  ■■vijiii  Hlib  iu  mnvjuudliM"  tdb 
ha>  tmnnip  «)iiina>U  fnini  Uw  uial,  ll  I* 
knoim  M  ■  UrwAsn  (>illlFh-. 
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(tunica  fibrosa),  in  cloeo  relation towhich  is  a  layer  of  capilUry 
Wood-vessels  (/unifvi  i-«*(-m/o«i),  the  two  to(^ther  fonuinK  th« 


Fia,  M-Sacl'UI  Mvllon  nf  Our  Ortrj  at  an  lululT  hilrtiinflar  WalilFTTIi  «  r.ovwtaa  i^- 
Ibcllum  -.  ■!,  I.  oinrUii  tulwa;  w./:  yininii<-r  foltl-'lo:  n  f,  nlilrt  rnllcli.-;  a.  p.  dlaoui  pru- 
IlitvriiA,  n^rEi  ttir  -jiurii ;  r,  ciililii-tlurii  4.iT  a  mvie^iI  'ivuni  in  iLr-  hiiriK-  folUctc: /.  ^  Qlinfua 
roitt  of  lb*  (uUii'lr  .  /■  r,  iid'ixT  iiui[  ..f  Tli.-  f.,n;rlc  .  «  /,  >'|>iilKliiiiii  c.r  ill*  lolllcin  ITUnin- 
brvui  in^iuiiilEtnu  K  ti  /-  ii^l^^p^l  ulri'pliU'El  fnllii^li*  -  h  r-,  ltUKxIr>.vu'-)A  ;  r  f,  t^>M-lu1jfw  <>f 
the  ciww»rtiiin.  ilMa'il  li>iik;MU'linntlv  niul  "njiHU'rvf-lj' <  t  *1.  Iiil'iiliir  fl'^inw^l^rti  nf  ^y^v 
otBriAn  cpUhclliiiii.  Iri  Lhi.-  rifHui*  of  llii;  n\asy  ',lf.t,  tfOKliiiUiic  of  tfic  oviLrtaD  r[iilJjcJLuxii. 
ckw)  lo  the  luwer  l>Clr<lI^^  oT  Um>  tivarg. 

jLT^nernl  cnverinK('"'""'"(i  proprtn)  for  the  mow  dflioat**  anf]  im- 
porUint  c<'Il8  within.  Lining  the  tunic  is  a  layvr  of  siiinll.some. 
what  cubical  culls  Unfmbrana  <}rnnuU>s<i),  vIlk-Xx  at  oiio  jiart 
iikvcst  thv  oviiHi  siiverul  layoi-s  doep  {ilisctia  prvliijerii.i).  while 
the  ivmaindtT  of  the  space  is  fillwl  by  a  fluid  {liiiuur  f'llliculi) 
probaMy  either  »Lfrot<-(I  by  tbo  cdls  themselves,  or  resulting 
from  the  disintegration  of  sumo  of  thorn,  or  both. 
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In  viowing  a  section  of  the  ovary  taken  from  n  niaminul  at 
tiio  bi'iH-diiiX'Mwisori.  *ivn  niitl  OniaflHti  fi'llicK'»  iimy  )>v  sl-ou  iu 
all  staK^  of  ilfivelopnirnt — thoiie,  aa  »  rulf^,  neara^t  the  surface 
beiug  the  least  matured.  Tbe  QraaB^n  follicle  ajiiicars  tu  pat's 
inwan),  t^i  uiiilergo  gmwlh  aiid  devclopmunt  ntid  iignui  rutiro 
towunl  tile  exti-ri>>r,  wIuto  it  luirMty,  t'n'i.-iii]it  the  dvuhi,  wliich  i» 
coiiductLHi  tu  till*  »it4!  uf  it»  future  devflupm<.'iit  l>y  n|>pr>ipnate 
mwliuuiam  to  bo  diwcribod  heroiiftur. 

Cluacet  In  the  Oram  ItaeU— Tlie  aeriee  of  trauttfommtions 
that  take  jilacp  i:i  the  ovum  Wfore  and  jiiiiiiediHU'ly  iiflci-  Mim 
aocesa  of  ttiu  male  element  is,  in  the  o]iiiiion  of  niany  biolo- 
giiits,  <if  the  hi^lii-Mt  siguiflcaiice.  a8  indientiu);  the  course  evolu- 
tion hiu  fullowi'd  iu  thu  Muiuiiil  kiiigditiu,  an  wl-U  lis  instructive 
in  tlluiilrMliiifi;  the  boliaviur  of  nuclei  Benemlly. 

Tilt*  genaiua)  vesicle  may  acquire  powers  of  slow  movement 
(sm(»tM»id), and  the  germinal  spot  disappear:  the  foniii*r  ptutsos 
tooHR  stirfa*^  (;W*)  of  the  o\nim  ;  lioth  1h«se  fttrni-lnres  may 
undergo  that  peeuliar  form  *if  reiirrauftement  (A-o)-yoA-mr«i«) 
whioh  may  occur  in  Uiu  nuclei  and  uuclooli  of  other  cells  prior 
to  division  ;  in  other  wurtU,  thi>  ovum  has  foaturex  common  to 
it  and  many  uthi-r  fiAU  in  thai  early  titsge  which  prL-cedea  the 
complicated  transformations  which  constitute  the  future  his- 
tnrj-  of  the  ovum. 

A  [wrlion  of  the  changed  nucleus  (axler)  with  some  of  tbe 
protoplasm  of  the  cell  accunitilatos  at  one  surface  (;>ofO<  which 


PiiL  t  •ii- 


I II I  lurfliili  I  JiTi-riiT' (flnr^olJ*!  [frnm  Onl'li-n,  A-  K  itnrr 

:r.r,ul  n— li-|..  .nilO   -["l-  *>  •""  I"  '•"■  U'tllK  '-i;!!.  iBll)  TWO 

'   '    I-  i.ir  i>'Uq  an-i  kriiliirntu«t  <jf  iwiiiAluiiii;  |par<  'if  iMicU*4r 

iiii.il.  "Jifj-j--  vMirof  Ilrlu  iiTniii  in  'hi-  Hn-I  |«ilni  c^r.ll ;  il,  iiuu- 

I      T  ivU  :  I.  a  talcr  (Uc*.  (bMnnc  Oir  rrnialnloi;  iiil-'rniil  ltn>f  '>(  ili<> 

I        <i  iwoclwir  tiHii'li4i  K.  OTuai  wlilj  two  pol&i'  rfU*  iin«l  I'A'liiil  xirhu 

i-.-vM  [":l>|-  i<n>i'u<.'l<-iu.  ■■•n-ii  lii  lliv  llvhiK  •'bk  i  K.  F,  H.  uicl  I  fnuii  picric  ■fid  prvpft- 

«Uou»i-.  L.vii'UlHUii  lit  innllnii  piititr  ivll.    illkcl'lnu.) 


is  termed  the  upiwr  pole  )>ec»U8e  it  is  at  this  region  (hat  the  epi- 
thuliul  Mis  will  1.1'  ultimately  (ieveloj)(xl.  n»d  is  sfptirated;  this 
proceitii  is  repeated.    Thuse  bodiu»  [polar  cella.  jtiMar  ylobulf''. 
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etc.).  tlico.  arv  simply  expelled ;  they  take  no  part  in  the  do%'el- 
opuii'ut  of  Hit;  oviim;  imd  ihvir  oxtruniou  is  to  be  reganlwl  as  a 
lii-^^IMiration  for  tin?  pi-onresa  of  the  cell,  whether  this  event  fol- 
lows or  preceJ(?8  the  entrancR  of  the  male  eti\\  into  the  ovum. 
It  18  worthy  of  note  that  the  ovum  mtiy  Iwcome  amoeboid  in  th« 
region  from  which  ihe  polnr  globuk-a  liro  fxpvllud. 

Thu  vumiiinilcr  t)f  the  iiucluux  {fcnmtv  pronut^ettit)  now 
passes  iQwui-d  tu  undergo  furtht>r  chnng»»  of  naduubtod  im- 
portfini-f,  possibly  thosu  by  virlui-  of  which  all  tin-  subst-quont 
evolution  of  the  ovum  is  dot«rmined.  This  brings  us  lo  the 
coniti<leratiun  of  another  cell  destined  to  play  a  brief  but  im- 
portant rtWf  oil  the  hiolojtical  stag©. 

The  Malr  Ckll  (Sitermalozofin). 

Thin  cell,  almost  without  exception,  consists  of  a  nucleus 
(head)  and  vibiatile  cilium.    However,  as  indicating  that  the 


FM.  M.-KpfrmaloiiKiiiiiRrr  IUitdaa>  Not  ilmwn  la •cnlr.  I.apongsi  (hfriMfS;  & 
IDfc :  I-  orny  nuti :  y  uuil ;  A.  rlwcrlu  ntf  =  ^>  •■UnuDrli'r :  k  b«n»  •  t,  uiMi.  la 
i^mun.i&ui.  iwlD  Ko*.>kndt.aocMr<!mcly  di^llMIarlbrKillDbanilliipnwM, 
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latter  ]b  not  08S«nt)at,  spermAtoKoa  without  such  an  appcntlogo 
do  occur,  Tfio  obvious  pHri)i>se  of  the  ciliuni  is  l«  fonvey  the 
nmlu  ft'll  to  llio  ovum  thi-ough  a  Huid  medium — either  the  water 
in  which  the  ova  are  diacharKtid  iii  the  CAse  of  mo^t  iuvertt" 
bratm,  or  thi-ouRh  the  fluids  that  overspruoil  the  vurfiuxvi  of  the 
female  cenpralivp  orxjiiis. 

Th*  Origin  of  tb«  Spermatosoiia— Tho  structures  devot«(l  to 
the  prodnetioo  of  male  cells  {tevtea),  when  reduced  to  their  es- 


T»,  m . -Sp«iMtnKMt«a.    A-R.  IkIoiaI  ■iwmi'tvlli  or  ilii-  lai.  (Iiuwine  llir  ilrvrlnpnivnt 
<(  Ibe  <uirmaiea»)a  and  Ihr  tcn^ual  ■'■■mornuulKci  tif  ih"  iiiK-lrim  liilu  (lii>  nirrnuifwana 
b*a4.    In  O  lhe«Bniloiil  itr«hiili' U  MnBij**t  nd  lofTsr  II   II   Ufuni.i      I     M,  iiii.-rni-r*»lli 
tl  m  KlMainhrancb     Tb->  nui:lnwor  Mch  (vll  ilJvlilf*  lut.m  lnr>!<-'  roirit-iT  of  ilaiiRhUT- 
L(«tlinnriit  irtil«h  in  couioiteil  tutu  Ibrroil  IlkDlwul  >if  ■  >|>-iiiial<aoOii.     N.  iran*- 


TCnr  teMatol  a  rlreritll.  nhMrtu  tb*  bundlfvf  ■ptrmnloam  anil  Uh>  pmdn  iiiii;Jnu 
U-.V,  mtU*  8«nip*rL  C%-~a.  >p«nMia««si>«M  tn  Ifev  ranh-wnm  :  0.  jwni  ii|>crni*i<«ll : 
P.  (IIP  ••nin  illTlilf^  liiln  fonr ;  Q,  upmnacovphciv  *mi  thr  cmttaA  iqaemi-bluitopliorr  : 


■eatiaJs,  ironsist  of  tuhules,  of  great  leuglh  in  mnnnnals.  lined 
with  Qnclcint«d  epithelial  cells,  from  which,  by  a  aeries  of 
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chniigf »  fifirurecl  above,  a  general  idea  of  their  deTelopment  may 
lio  <>btrtineil. 

It  will  1)0  fibaprx'ed  thitt  throughout  the  sorio*  thi-  iiucIouk  or 
the  ci'll  i»  ill  evory  ciuto  pmti^i'vi^l.  liml  tinnlly  bocuiiio»  tlit.'  head 
of  the  inulo  ct-ll.  Otico  niorv  we  nrc  lod  to  xdu  thu  impurtanc« 
of  this  slnicturc  in  tht-  life  of  tlit-  cell. 

Fertiliation  of  the  Omm. — The  s[)en]iatozoun,  lathing  it«  way 
along,  wlion  It  nioetn  the  ovnim,  enters  it  either  tliroagh  a  Bpecinl 
niinutL'  gatt-way  {nurmpulr),  or  if  ihi.-*  he  not  ]ii-cseiit — as  it  i« 
not  in  the  ova  of  nil  iiuimuls — it  actually  punt-lratt-s  th«  mum- 
branes  ami  subetanco  of  the  fomalu  coU,  and  continuen  active 
till  the  female  imHiUL-leus  is  rewohed,  when  the  head  enters  and 
the  tail  is  aiisorhed  or  lilends  with  thu  female  cell.  The  nucleus 
of  Iho  male  cell  prior  t^i  union  with  the  nucleus  of  the  ovum 
undergoes  elianges  similar  to  those  that  the  nucleus  of  the 
ovum  underwent,  and  thus  become-s  fitted  for  its  special  fuflc- 
tions  as  a  fertilizor:  or  pffhaiKii  it  would  be  more  oorri-ct  to  say 
that  titoso  alteix-U  ma8»(.-»  of  uuclear  aubstaueo  mutually  fertil- 
ize each  other,  or  initiate  changes  the  one  in  the  other  which 
conjointly  result  in  the  sul>se<|uent  stages  of  the  development 
of  the  ovum.  The  altered  male  nucleus  {iiiaSe  proTiudeujt),  on 
reaching  the  female  pronucleus,  fiiul^  it  somewhat  umatboid, 
a  condition  w)i,icb  may  be  i^harcil  in  some  degree  by  the  entire 


r.Plf: 
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Fin.  6t — PmlUiAtiiMi  of  nvuni  nt  amolluik  •Elvdi  WrMiiL    A.  Omm  ■•nillnK  uii  ■  jmilu. 
[BOiiU'-lriu.    f.  fS.  (ritialr  immui-lriui :  N,  /*.V,  mair  vrvoaelvMU ;  S.  upcrniiUaiaOD, 


ovum.  Tile  resulting  union  givcH  ri»e  to  the  new  nucleus  {seg^ 
mfniniion  ntirlfus),  which  is  to  control  the  future  destinies  of 
the  cell;  while  the  cull  itself,  the  fertilizwl  ovum  [oospenn), 
onteivt  upon  new  and  marvelouH  changes. 

In  reality  this  process  was  foreshadowed  in  the  dim  past  of 
the  history  of  living  things  by  the  conjugation  of  infusoiia 
and  kindred  nniuiiil  and  vegetable  forms.  When  lower  forms 
tuuicellular)  eonjugate  they  become  aomowhal  am'juboid sooner 
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or  lat«r,  anf]  dirision  of  cell  contents  resiulta.  In  sumeciutM 
(M<j>tic>  ni<iiiiula)  the  resiiltiiiK  cell  niuy  burst  anil  f^ive  rise  to  n 
showiT  of  animal  thist  visible  only  by  the  highest  powers  of  llio 
n)irraM;u|*c.  each  particle  of  which  pi-OYCs  to  be  the  nuclviu 
from  which  n  futtiit'  individual  arist-s. 

Till"  uliuiy  of  reproductiun  thns  vslnlilishes  the  ooiiception  of 
It  unity  of  methixl  throtiglioiit  the  luiinuil  am),  it  may  lieaddiid, 
the  vo}^<tahlo  kinKiIom,  for  roproiluction  in  plants  is  in  ul)  main 
point-s  [uimllfl  trt  that  proco^s  in  animals. 

But  why  that  costly  liw.^  of  prutoplasm  by  jmlar  gluhuloe  ? 
Fur  the  proBt'iit  wi^i  shall  only  riuy  that  it  Hjipuar^  ni'cvsiiary  to 
prevent  pnrthcno^em'siii ;  or  at  leo^t  tu  balance  the  i^hare  which 
the  male  and  female  elements  taki"  in  the  work  of  producinR  a 
new  creature.  It  ia  to  lie  remembered  that  both  the  male  and 
female  lose  much  in  the  jn-ocess — blood, nervous  energy.elc,  in 
the  caw  of  tJie  female,  while  the  umle  rnrnishesa  thou^tand-fold 
more  c«lls  llian  are  uRtxl.  But  tho  jK-riod  when  orj^iiiisnix  are 
bo«t  fitltnl  for  reprtvluction  is  that  during  which  they  uie  alito 
most  vigorous,  and  can  best  alTurd  the  supt-rtluuus  drain  on 
their  vuorgioa. 


I 


* 


Seomentatios  and  Subseqcekt  Cuances. 

Aft«r  the  cbangfis  described  in  tho  last  chivpter  a  new  epoch 
in  tho  biological  history  of  tlioovum — now  the  «(i*;)f  cf/i  (or  for- 
tilixod  egg) — begins.  A  vt>ry  distinct  nucleus  {aiffinenfation 
nueieus)  again  u]>poars.  and  the  coll  assumes  a  circular  outlino. 
The  sugmcntaliun  or  division  of  the  ovum  into  usually  fairly 
etiunl  parts  now  commenci>a.  Tills  process  can  bo  best  wuti-hed 
in  the  microscopic  transpai-ent  ova  of  aquatic  animals  which 
nnderjio  perfect  development  up  to  a  certain  a<lvance<i  stage 
in  the  ordinary  water  of  the  ocean,  river,  lake,  etc.,  in  which 
tti«  iwlult  lives. 

Segmentation  among  inv©rt*'brntos  will  be  firnt  studied,  and 
for  this  pur])nHe  an  ovum  in  which  tlie  changes  are  of  a  direct 
■nd  uncomplicated  nature  will  Ik-  chosen. 

The  following  figures  and  descriptions  apply  to  a  TDolIuxk- 
iEtj/aia  riri/lis).  We  distinguish  in  uvarestiug  stag<^«  and  stagt^ 
of  activity.  It  is  not.  however,  to  be  supported  that  absolute 
rest  ever  characterizes  any  living  form,  or  that  nothing  is  trnii- 
spiriDg  t>ecauHie  all  seems  quiet  in  these  little  biological  worlds ; 
for  we  have  already  seen  reason  for  believing  lliat  life  find  in- 
ceuoul  molecular  acti\ity  are  inseparable.     It  may  be  that,  la 
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tbe  cuo  of  resting ovn.  chango^  of  a  moro  nctivo  rhnracter  than 
usual  arc  guin};  on  in  tlivir  molL-euliir  constitution  :  but, on  the 
other  hnn<l,thiTL<  muy  bu  ruilly  h  diminution  of  tlii-sc  activities 
in  oorrospouUi-noL-  with  the  law  of  rhythm.  This  seems  the 
more  probahlo.    The  meaning,  however,  of  a  "  resting  stage  "  is 


^  0  o 

6  d  o  "0 


FMu  W.-Prtniltl*'  rgn  of  nrloiiit  Bnlmali.  pfrfornilnB  nmii-linl'i  tiiuvrinriitu  (rprr  muph 
•nlnryix]).  All  |4liiiJUvi-  fax*  trtf  nakiMl  ci'lK  fApablci  oF  cliaiiff**  nf  rnnn,  WildId  liie 
daiic,  nnrly  ■t»i>uI«imI  pntojiliuni  (i7Cit-x>Jk>  lln  ■  Iiuki-  mliiilAr  kprnrl  itliL-  iivnii' 
TdlvtcK  >iiil  m  ina  laUrrlxi  nwln.^liwip-tni  .ijxid:  In  ih'  niK^kvIu*  n  mrni  imint  murliw- 
llniM)  I*  (<t*n  THill'lt.  Fie  A  \  A  I.  TTw  prfmlUuf  pkb  of  n  uhalk  ii|H«iiti:  >  (.i-vrulnii« 
fAfnwlL  in  (our  i-uimvouiv  .MOilliiiini  of  inoUan.  KUt  B  i  — /( rt.  Tlir  |irli»lili--  -tii  of  ■ 
h»tnM'fnh  it-hnntlr'tr-tiirhur  rurnvtutK  In  vlffhl  AinifniUvir  i^miiiMiinii  ^r  mi^Unn  Waiter 
K.  %'«n  U"n^«ii  >"l«,  (■  1-1^'  ^  I'rl mlliw »jf  of  ■  r«[.  In  tmir  tliirpivnl  coniilKcinii  li 
motion  t*rti-r  maiRr>.  FIk  It,  }'timUttr  fse  it  •  trnuu  I'Ik.  £.  Prlmliim  rm  «(  •  ban. 
Fljc.  f.  PrliDlIin  bumnniini,    tllsHlnrl.i 

the  obvious  one  of  apparent  quiescouce — cessation  of  all  kimls 
of  movement,  Thenensnes  rapidly  and  in  sucwftsion  tlio  fol- 
lowing series  of  transformationit :  The  nucleolus  <livi<k>8,  later 
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the  nacleus.  into  two  parts.    Th«>se  new  miclei  then  wsndcr 
awfty  from  micIi  othor  in  opposito  iliructiouu,  uud,  losing;  ttii'ir 


M— Karljr  •Ugn*  of  »nin«nt»lloii  at  •  mnlliink,  Klgtin  vlriditiirtiwo  tmm  ihp  living 
A.  D4ippmi  In  VMUt  of  rval  after  tlir  HTrimloa  of  tliir  poLv  vollit ,  H.  ihv  iiiiL-]r<oliH 
I  !■>  MlrUoi :  C  (Iw  nucli'iu  In  illiiillitic  :  Ii.  Uii-  uui-kUH.  mt  mi-h,  liiui  cHJApiwurti]. 
Ilka  rum*  acintn  :  K,  Ut-r  i-iniiv  :  F,  <>ra|>rnn  illd'Inl  Inin  Itm  dtsllnct 
vpbtni^  thtf  CM«r  bMcli-nr  jiimui-  In  Ihr  i-f-riiiv  4-tT  llip  fultv  ol  irraDulca  la 
r;  (I.  mtloit  ■XUfr  of  Bppr<-Mi'<l  liro  •pbenm:  II.  L  ■laiiiUr  lUcta  In  Uic 
(buri^nem:  K.  romiatiDuori'lKhl'OeUulMur-    <H«IJuu,) 

clioructtT  lis  nuclei  uiul  imulooli,  are  replaced  by  alters  {polar 
slara),  which  seem  to  ariae  in  the  protoplasm  of  the  hody  of 
the  cell,  and  which  are  in  close  jiixtaprisitiou  at  lir.st,  but  httvr 
aeparate,  the  nosperm  lxK*4>miiig  anio^biiid  in  onu  rogiou  ut 
knAt.  A  groove,  which  grmlually  4lee[)fn.s,  nppwira  on  tht  sur- 
f«ce,  And  Hnnlly  divides  thv  cell  iiitu  two  halvus,  which  at  once 
become  ftatt«no(I  ugaiast  t-atih  other.  The  nucleus  miiy  again 
be  reoognizod  in  the  cwnt*r  of  eavh  polar  star,  whil«  a  new  uu- 
cleoluB  also  rcappeani  within  the  nucleus,  when  again  a  brief 
period  of  rest  ensues.  In  the  division  and  reformation  of  the 
nuc1<^ti!t,  when  moat  complicated  (knri/okinesis),  the  changex 
may  Iw  generalized  as  comtisting  of  division  and  segregation, 
followed  by  nggrcgntion. 

The  Kuhdiviition  (vegmfntation)  of  the  cell,  after  the  qu!o»- 
ceocc  referred  to,  again  cumineuces,  but  in  a  plane  at  right 
angles  to  the  tirst,  from  vhich  four  spheres  rexult,  again  to  be 
TuUoWmI  by  the  resting  stage.     The  process  continues  in  the 

IP  way.  WJ  that  there  is  a  progressive  increase  in  the  tium- 
of  aegmenttf,  ul  least  up  to  the  point  when  a  large  number 
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)ui8  beeo  formod.  This  is  rather  to  be  oonsidered  as  a  type  of 
one  form  of  segmcntiition  thun  as  applk-alfle  to  all,  for  even 
at  this  wirly  stage  differences  are  to  be  noled  in  the  mode  of 
segmentation  which  characterize  effectually  cx^rtnin  groii{)«  of 
animals;  bnt  in  all  there  is  segmontatiun,  and  that  sut^mcuta- 
tioa  is  rhythmical. 


B. 


D. 


M. 


Tta.  M>.-Thi>  drwTUR  nt  n  fnwli  «Kf  ilO  Itmcs  anlitrfn<i1),  A.  tlin  parBiil-cxII :  B.  thr  lura 
lint  diimiii'-n-rlt :  C.  t  crJfi;  JlTBmlltHiuiiiiuilaniM  ngvlaUvK) :  lii:  IVcvlb  IH  anlinnJ 
•nd  1  Kwlutivri :  f.  in  trXIt  nt  anlnul  biuI  H  ttvplxlTFi;  U,  M  o^lailD  anliunl  UDd  S 
TC|rFUiHri.>>i  11.  ti  cell*:  /.  «t  wlli:  A'.  M  opIM:  X.  bd  dean««-«lli:  M.  Ku  clratan- 
CcQl  aBuUnuU  tuid  W  ncstallrp),     iH>rc)ii^l,i 

Sogmuntutitm  results  in  the  formation  of  a  multic-elhilar 
agKregiitiun  which,  aooner  or  later,  incloses  a  central  cavity 
{segmeitttilion  rcivity,  bhsfocele).  Usually  this  cell  aggrega- 
tion (htntctuta,  blastcspheiv)  is  reduced  to  a  single  layer  of  in- 
TCStiuj;  viAh. 

The  Qaitrula Enxuing  im  tho  clmngos  just  dusorihud  ore 

others,  which  rusult  in  tho  formation  of  the  gastrula.  a  fitrm  of 
cell  aggregatioiL  of  gn^at  int^roxt  fnjni  its  rvaeinblance  (o  tho 
Hydra  and  similar  forme,  which  constitute  in  themselves  indL>- 
pendent  animals  that  never  pasa  beyond  that  stage.  Tliu  blas- 
tula  becomes  flattened  at  one  pole,  then  depressed,  the  cells  at 
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msr^gioa  becominR  more  columnar  {hiMiAotjieal  ilifferenUw 
i).    This  depression  {invagination)  deepens  until  a  cavity  is 
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M.  KL— BUMula  uiil  uulniln  r.t  iim|iht<'i<i>i<1i>u>.  nll-r  itniK-hi'l.'.    A,  bliuinlii  n-|th  ttiu- 

»il  lovprpnliFof  Urxi-m'tlii;  Kcipiniiii'iniiiiit  iiiVB«'"«li'->n :  i.',  ipiwniliiili.ii  ohh[pLi-(h*: 
blaMopiav  to  ■till  nidify  uprn,  uir<  -.iiiiTnC  I  he-  Iko  liinilcrpoir  iuixmIctiu  i:tlli  k  ann 
M  Ha  •vnual  lip.   The  dUa  a(  Uio  cplbUM  vuUa  an  uut  (vpiuNDWd. 

ormeU  (as  when  a  hollow  nihhc r  hall  U  thruHt  in  at  niie  part 
ill  it  meets  the  opposite  wall),  in  consequence  of  which  u  two- 
iiyen>«l  embryo  results,  in  whieh  w«  i-ccogiiiBc  the  primitivL* 
louth  IhUiMfoporr)  iiiid  digostivo  cmity  (nrvhi'iittiriii),  tht- 
Ot*r  layiT  {fdoderm)  being  UKually  SL'imrntt'tl  fioui  the  inner 
mdotlrrm)  by  the  almost  ublit^ratml  eegmi<ntntion  cavity, 
uch  a  form  may  be  provided  with  cilin.  be  very  m-tively  loco- 
lotive,  anil  bear,  conaecjuently,  the  greatest  resemblaiav  to  Ihc 
ermanent  fonns  of  some  aquatic  animals. 

Tlio  clinngett  by  which  tho  si-gmciilixl  ousporm  beeomos  a 
Bstrula  are  not  alwaj's  su  dirivt  nml  iiiniplL>  iu<  in  thi'  abovc- 
eecrihed  case,  but  the  behavior  of  tlie  cells  of  the  bluatur^phen- 
lay  !«"  harajwred  by  a  bui-den  of  relatively  forei^i  matter,  in 
10  form  of  fiMnJ-yelk,  in  certain  instances;  so  much  sn  is  this 
10  cmw  that  distinct,  modes  of  pastrula  formation  may  be  i-ix'- 
ized  »)( depoiiduiit  on  the  quantity  and  nnangeiuciit  <if  food- 
Theso  WB  «liall  pn*»  by  ns  being  «omowluit  too  compli- 
ied  for  oiir  pnriKtse.  and  we  return  to  the  egg  of  the  bird. 
The  Hen'i  Ere-— By  far  the  hii-ger  part  of  tliL-  heuV  egg  is 
le  up  of  yelk  ;  hut  just  beneath  the  vitelline  membrane  a 
nil,  circular,  whitish  iHxly,  about  four  luilliinetres  in  diarn*^ 
r,  which  always  Hunt*  uppermost  in  every  puitiuu  of  tlie  egg. 
,y  hu  sewn.  This  disk  ibhi3toJfrm,cicairimJn)  iu  the  fertiliztil 
presents  an  outer  white  rim  {area  opaca),  within  which  is 
tmnsjiarent  xone  {area  pfUucifUi).  nml  most  centrally  a  Komi.-- 
.t  ehjugatwl  structure,  which  marks  off  the  future  boiiig 
rlf  (rmhnjo).  All  of  these  parts  ti>ffether  constitute  that  por- 
1  (blanfodfrm)  of  the  fowl's  egg  wliicli  is  aloue  directly  con- 
lihnI  in  ruprrxluction.  all  tho  K»i  serving  for  nutrition  and 
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protoclioD.    The  appMimae*  of  Tdatirv  opscttj  in  some  of  tho 
parts  mnrked  off  as  abort  b  to  be  «xpUin«d  b^  thickening  ia 

Um  oaU4afas  of  which  thty  tr 
eoRpoaid. 

Th«  Orisia  •(  Ika  tvwi't  l§g.— 
The  ovary  of  a  joottn  but  matore 
hen  eottkbts  of  a  maaa  of  ootuwd- 
iTD  tiarac  (iAvmo).  abondantljr 
EoppUed  witb  blood-vesiriB,  fnm 
which  hang  the  o^mdea  which 
ooatain  the  ora  fai  all  stagM  of 
devetopment,  00  that  the  wbolo 
«Qffge9U.  hot  for  the  color,  a  buncb 
of  grapes  in  an  («rl]r  stage;  The 
oTnm  at  first,  in  this  case  ae  in  all 
others,  a  singlv  coll.  beoonus  oom- 
plcx  by  addition  of  othtr  cells  {di»- 
ctt3  pniifferus,  etc.),  which  go  W 
make  up  the  yelk.  All  the  otb«r 
parts  of  the  hen's  egg  are  additions 
ninde  to  it,  as  explained  twforOt  fn 
its  jMiAsagf  down  theoriduct.  The 
urigiiinl  ovum  remains  as  the  blae- 
lodorm,  the  segmentation  of  which 
uiny  now  be  de*<-ril>ed  brit-fly,  H» 
vliiir,u:Xvr  lieitig  oliviou^  from  an 
exaniiuation  of  Fig.  72,  which  rep- 
reet'iits  a  tnirfnce  view  of  the  seg- 
menting fi-rtllizwi  ov-um  (oovperm), 
A  segmentation  cavity  appenrs 
early,  and  is  boiuided  above  by  a 
single  layer  of  epiblast  cells  and 
below  by  a  single  lay^r  of  primi- 
tive hypoblast  cells,  which  liittor 
is  soon  composed  of  sevemi  layers, 
while  the  segmentation  cavity  dis- 
npjK-arii, 


bated    but    furtilize^l   egg  consists 
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.71      t '"railn  orfM  of 

itii>  '<'■      I    '  '    I'liiiAir.    A,  otmt: 
«,iir....i   II       ■■ fniin  whldi  llw 

;  i,r'::;.V":?^u,'  5        The  l)ln«lo<lerm  of  an  uniucn- 

• ■        I.  K,  •.■mild  iwftmn  <i( 

u>  r,>r.>i>'i .  /■,  ii,ip.i  i.irtMi.  Ill  '"  "  »»»ir  or  epiuiasuc  ceiis.  ana 
r.i.'i>  .1^  n'«-.m,  .>i>'ii  -"-iiTrtiir,  i^.ni.,itii   iliLs  a  mass  of   roundt-d 


■Ir  |ir<Klii.'..l  ,  II,  (<miil>|"'<'"i' '■>''< 

ft'™,,r:;.:T.:-l:y,.'X^,::;;.!|J'^/f.  f-l^s-  "i-rauged  irregularly  mid  ly- 
ojUj^mn-uBii-hwi.  ih-rBKMi«.  ing  loosely  in  the  yelk,  constitut- 
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The  fowl's  ovum  then  belongs  to  the  class,  a  portion  of  wli  jcli 
iilone  sepnieiita  and  <3evplo]>s  into  tho  emliryo  {mrwbUuftic),  in 
i-tiiilrmliHtinrtion  to  what  1iai>]R'iiei  in  the  mHmmiilidn  ovum. tbu 
wholi' of  which  itmlorgix-s  divi»iou  (hulublastic);  a  diHtint-'tioo 
which  is.  howovor.  siipt-rficial  rather  than  fundamental,  for  in 

ity  in  the  fowl's  egg  the  whole  of  the  orifrinal  ovimi  does 
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Pia.  't S«iiluu*ur  ovuuiof  a  rnliUi,  INiiunllivE  rormatlon  or  Ihe  plairtadprmli)  nxli'lr.' luKrf 

E,  Vail  a>nn1>^iiV    A.  B.C.  b.mr>-  <<va  lu  snvirMlTu  Aiwii*  ul  ilneliipuieiit.    ip.  (tiua  |icUu 
rlilk  1  ttt,  fUmaan,  or  ouwr  ortli ;  mt,  tntMumt*.  or  liiai.ir  wlla. 

si-jfiiioiit.  This  holoWjistic  charactor  of  the  mammalian  ovum 
mid  its  ruM'UiliIiuicc  to  thy  ufgiiK-ntation  of  thostj  in  vertebrate 
forma  provioui^ly  (iMcribod  may  bticomu  apparent  from  lui  ex- 
uniination  of  the  acconi]mnyiuy  fiKurus. 

We  shall  return  to  the  devolopniunt  of  tho  mammalian  ovum 
later ;  in  the  mean  time  we  present  the  main  features  of  du%'ol- 
Dpment  in  the  hinl. 

BememN'riiia;  that  tho  development  of  the  embryo  proper 
rakds  place  within  tho  pollucid  ai-ea  only,  we  point  out  that  the 
art<i  opaea  gradually  uxiendjt  ovor  the  oiitire  ovum,  inclosing 


aiiFROuucrioN'. 


n 


the  yelk,  e»  that  the  ori^aal  disk  which  lay  like  a  watch-prlafio 
on  the  n^t  of  the  oTum,  has  grown  into  a  sphere.  Tluit  ]Mirtioii 
of  this  nroa  nearmt  the  pellooid  zone  (area  vaaculoJia)  develops 


,  It, — tHanatDaiiMii-  tntnxtfrH  HH.-iii>ni<  ibroueli  ahjimihi-Uittl  manuiMU  crfiapvnD  IDaiI- 
A- T^  )Ttk  of  Uu*  |»rlmlKtvo  iiiuciinAltiui  oClM|jmu  In  u»w  liwL  D,  Jjil^ir  iituf; 
.  _.  -Mn^mbnoatOTiillilajil  luLiBTKiTii  nvrr  ih? rmbryimlo nn*  (o  (nrm  I h<>  pmrrloff  crila 
r-fPbirlWMt  <4«aibtTi>:  ly.cirflilaMoCyallEnic:  ftr.  PrtlDIUoa  bnublui;  y,  i.  yelk'Wc. 

or  baModemlc  lolclv. 


//— 


Wood-vessels  thftt  derive  the  food -3upt»l its,  which  replenish  the 
liloo<l  a»  it  is  exhausted,  from  tlio  hyjioldiist  uf  the  nren  nimca. 

The  tlrst  indications  of  futnro  stnic-turnl  outlines  in  the 
i-mbn'o  is  tho  furmntiou  of  t)m  ftrimitire  stnnk, an  opaque  baud 
in  the  long  diameter  of  the  jieUii- 
cid  sn-u,  opaque  in  coiumhiuuuco 
of  cell  aocanunulation  in  that  re- 
gion. Very  soon  a  groove  (privii- 
Hve  groove)  extends  throu};huut 
thift  hand,  which  gradunlly  occu- 
pie*  n  more  central  ixisition.  The 
n>lative  thiokncss  of  the  several 
iwrtsnnd  theivrningbnient  of  cells 
nuiy  l>t'  ^tlivrMl  from  Fig.  76. 
These  KtriiL'tures  are  only  tomjfo- 
rary,  and  Oiose  that  replace  thuta 
will  be  describe<l  auhsequently. 

We  liave  thus  far  xpoken  of 
nlU  as  )>eing  arranged  into  epi- 
Uast.  hjiioblast,  and  meHoblaErt. 
Tltu  origin  of  the  first  two  has 
been  (tufHcioiitly  indicatH.  The 
Btceoblnft  forms  the  intermediate 
^enninnl  layer,  and  is  derivetl 
from  the  primitive  hypoblast, 
which  dilTerr'ntiates  iiiti>  n  stratum  of  llittt*-nLil  colls.  sitnnte<l 

ow  the  others,  and  constituting  the  later  hy]K>ljliist,  and  in- 


Fto,  7n  -Siirffc'i'  tl-w  ..f  iwlliiLiltl  kna  ot 
Ballinitf     a,  mwliilliiry  ftJJs.  mr.mctl- 
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termediate  lens  closely  arranged  cells,  termed,  from  their  posi- 
tion, uicRoblast. 

It  wntl  bf  noticed  that  nil  fiitiirft  Rmwtii  of  tlie  t^mliryo  be* 
gvan  axially,  at  loiwt  in  thc<Hirly  ^t^i^L-ft  of  its  ilovuiopmout. 

As  tlie  suhsoquont  >rrovirtIi  and  lulvnnoo  of  the  ombryo  do- 
pond  on  nn  abundant  »iid  iiitiitalilu  uutritivo  snpply,  wi>  must 
now  turn  to  tbow  arranK^'"J<'ii'«  which  are  temporary  and  of 
['subonlinat^  importancu,  but  still  for  the  time  essential  to  devel- 
opment 

Embryonic  Mbmbrakbs  ov  Birds. 

It  will  be  bumo  in  mind  thronghout  that  the  i?liii>f  food-snp* 
ply  for  the  embryo  bird  ia  derivud  from  the  yolk ;  and,  as  would 
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FMa.  n-n.-A  wHkh  of  dlB^n^m*  iDIMidnl  to  fncLlltjile  the  COmpnlWtuiIeiD  of  (be  rvlaUonaof 
^  nuoDbmnM  i'<  oUirr  lArli  fatin  Krari-r  nml  Bllfoun,  A.  B,  C  D.  E.  F  an  nrUcal 
anitiniafn  [hi>  l<iiu;  niix'rilu'  vmlirs'uaiilHTun'ut  iMrbMlikihowliif  thaaMgtaaf  dovi^riiv 
nif^T  nf  lUcoinni'in 411^1  'if  tlii<  vi^m-anr     I,  11.  HI,  IV  ■»■  ixmuivrnia itvllUiB at iibout  tXnr 

■rune  iIORa  "f  .(.-vi>ii]poient  (.  ii.  ill,  [KMi-rior  |i»ri  it  luirKiIiiillnftl  •crtlcpn,  m  tlliisinil* 
thmr  MAMi  III  fui^iiLHtloii  of  llt«  allftiiluW.  r.  rnuiryn  -  jj,  vAii  -  jiji.  plpun}|K!ntonfLl  ear- 
Ity;  W, (IMilltw  iiirailiniuo  at  umuloik-  fold;  ul.  alUutoU;  ii.  unnlno;  u'.  allmimuuT 


be  i-xpected,  the  older  the  embryo  the  smnllor  the  yelk.  or.  as  it 
is  now  callM  when  limited  by  the  embryonio  mt-mbnincj",  the 
yelk-Mtr.  {nvthitical  w.«We  of  the  mHmmaliiiii  embryo).  The 
manner  in  whioh  this  takes  place  will  appuar  upon  an  inspec- 
tion of  the  acooniiMinyinR  Hf^ree. 

Very  early  in  tbw  history  of  the  embryo  two  cm i nonces,  the 
hcftd  and  the  tail  folds,  arise,  and,  ourvinjj  uvlt  toward  each 
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other,  moet  after  being  joined  by  corresponding  Iat«ral  folds. 
Fnsion  niul  tibs»r|>tion  I'c^ult  iit  ihiit  mi'etiug-poiut,  in  the 
inclufluro  of  one  cavity  uiid  thu  blvuding  of  two  others.    These 


aa 


\ 


P.Ja. 


c*f'r 


FF 


'    M 


n&n.  ~D(unmnuitlcI«QcMudlMUMOtlaotl>rnwbtlMHdiotMiffBbixp«Uaktt(UrEM«r 
ma.\  Balfiiuii  .v.  C.  Kvuml  mubI;  CL  DoUctiord:  A,  tdfcKUt  T'.flO,  MiMMpiNm; 
F.  >i>.  i>i>Ui«-li»>'i>l'U>« :  Sp,  iplaDctiiioiiunn*.  f omliiB  Icwtr  uraO  of  (onnt:  flT,bwti 

I'y.  |.1>'iir.>|-  iifMii  -ilt.'BTltjr;  .{ni.uiinlollcfuM:  £  alRblMt ;  JV.  OHaDblOM ;  Jl.bypOblHt. 

foUls  oom-lilutu  till-  umiiiulic  uii-inbrBnes,  the  inner  of  wbich 
forms  the  truf  amniun,  tho  aaivr  \\\v  false  amnion  {stroua  mem- 
brane,  aubzonal  membrane).  Within  the  amnion  projier  is  the 
amniotic  cavity  fillw]  with  8uid  {liquor  amnii).  whilu  the  dpace 
between  the  true  and  false  amniotic  folds,  which  grailually  in- 
creaeteit  in  sise  as  the  yelk>sac  diminiohes,  forms  the  phtiro- 
perilonail  cnvUij.huiiij  c/zfifij,  or  caUwi.  The  amniotic  cavity 
also  e.xtendi4,  so  that  thi'  embryo  is  suiTOunded  by  it  or  lies 
oontnilly  within  it,  TIiu  vnlargemont  of  the  caOoni  and  exten- 
sion of  the  falKB  amniotic  folds  lead  tiually  to  a  similar  meetiug 
antl  fusion  like  that  which  occurrod  in  the  formation  of  thu  true 
amniotic  cavity.  The  yelk-sac,  Hraduatly  lessening,  is  at  last 
withdrawn  into  the  body  of  the  orabryo. 

Pig.  80  .shows  how  the  amniotic  head  fold  arises,  from  a 
biiddiiiR  out  of  the  cpibliutt  itnil  mr-sohlnst  at  a  point  when-  the 
original  cell  layers  of  thu  embryo  have  iteparati.il  into  two  folds, 
the  somatojtleure  or  body  fold  and  the  splanchiwjilture  or  via- 
eeml  fold,  owing  to  a  division  or  clea\'ago  of  the  mesoblast 
toward  the  long  axis  of  the  body.  Kememhering  this,  it  is 
ttlways  easy  to  determine  by  a  diagi-am  the  composition  of  anjr 
one  of  the  mombrunv»  or  folds  of  tlie  embryo,  for  the  compo- 
nents must  hv  cjiiblast,  met«obht«t,  or  hypoblast :  thus,  the 
splanchnupK'ure  is  made  up  of  hypoblast  internally  and  meso- 
blast externally — a  principle  of  great  significance,  since,  as  will 
be  learned  later,  all  the  tifwues  of  the  liody  may  bo  classified 
.-'imply,  and  at  the  »ame  time  scientifically,  according  to  their 
I'Uibryologira!  origin. 


RKI'RODtJCTION. 

Tbo  atlanlois  is  a  structurH  of  mavb  physinlo^cal  impor- 
tanca  It  ari»ea  at  the  same  time  aa  llie  amiiio1i<^  fuliU  am 
formiog,  by  a  budding  or  protruBiou  of  the  hiu>)>gut  into  tbe 


BinkUe  louKUuilfua!  •ntlon  vl  a  eWPk  ot  ihr  tuurtlnlttj  laflrt  aHpo  Ttom- 

hlui ;  hu,  Ujin->h}aM  ;  tfit,  l■1^TllJl^»(l]»■UTV  ;  mi,  fiitAiii^hnui'lt^jiv  ;  ii/.  pf.  foltlii 

I  Binalaa ;  pp.  pirurutwrli<-iii«l  isrHr  :  um.  cs'llx  <■(  thr-  niuiiinii  -.  nt,  allaiiuili :  a. 

]»<4 ibe  fiuiiiv uiiu :  A.  hion  :  i,  IntntiOF ;  n'.  Tfl«llliv  tluct :  lit.  yrVf  :  t.  (orntitt  I 

m,  ianioD  at  Ui>  mouUt ;  nw.  lunwnicr}'. 

plearcvperitoneal  cavity,  and  hence  consists  of  aa  outgrowth 
of  meHotilast  1in(Hl  by  byjMiblast. 

The  onter  membrane  of  the  ullantois  fust's  with  tbt>  aubzo- 
ttal  (serons)  membrane,  and,  with  the  latter  extL-iidiug  beyond 
the  yelk-Hac,  incloses  the  albumen  of  the  eg^  in  a  space  termed 


nt,  K—A.  bManiDiiwUo  (oDEiniillniil  a.-rtlan  thrPuib  tbv  enotatcwl.  D-  TM«Ilof  per- 
Uuor  «arW  atlmf  whra  ttw  hIIiuiikIii  nulled  tile  fd  nurkeil  ■  ttt  A  lartor  Dunll. 
•Lnivliy  ef  lULaotKli:  uM.  iiI1iiitii"u  :  ali.  mtmttaafea ;  ol.  Ak  hypoblaiUo  opIllicUam  ot 
klliuilat*:  III.  in,  i»m ill Lii><  :i(  >llniil<ilFi:  am,  OTlly  o(  anuilan:  A,  bto<xl-iiiMi>l;  (wb. 
nnhrrn;  r}-.  i-pihlnit  '>!  ■iiir>T  iiii^r  <>f  *idwoii  Imtoiu  nunubnoe) i  rp-ant.  »nihl«Mtc 
nhiltrUum  ft  inntir  tuyrr  or  nmiuob  laiunlon  proivn:  m.am,  nwfloblBirtlG  lajfToT  Ulter; 
tL  rcir^tuFll :  *jM,Bruai^^o  iiiraoblAflCoT  outer  InjiT  of  AiijiiLoii-  i--ii»,  rli4-IJIi»>  iDonkbrkne; 
r.  [li^al  ■  Wrv  tW  uiou bluUi^  Uhuo  of  Uio  olUuloii  fUHA  mlti  ihnt  of  Cbu  •rruiu  mom- 
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ttf  snc  by  Duval,  who  has  recently  described  this  pro- 
,  ur  tubular  vascular  outgrowths,  sjiring  from  the 
_Ufl  Bac  and  serve  to  convey  tlie  abeorUKl  and  pi-ob- 
UBiy  slt^^d  albumen  to  the  embryu,  in  which  procees  of  vas- 
cular trans[K)rt  of  nouriahmont  the  yelk-sac,  that  al»o  ahoii»d8 
in  h1oo<l-ve^44'U  a»  well  ns  the  nlhuitnitt,  Uxki-a  {uirt.  The 
physiological  im[>urt  of  tht>  various  8truclur«-s  ubovu  dc^rilwd 
will  be  considerod  more  fully  lutvr.  At  thiia  point,  a  compari- 
son of  tliii  fonuntioa  of  tho  corruepoudiuj;  ports  Ju  mamjnuls 
will  b(!  uudortakvu. 

The  Foctal  (RuBRVOyrc)  Mrubranrs  op  Uauuaia 

TIk- (lilTonTncoK  butwiM>u  the  duvulopuii^ut  of  tliO(,-gg  mom- 
braties  of  mammals  and  birds  ar«  chiefly  such  as  rosult  from 


Flu.  HL  Flu.  U. 

Tta  ffl.— tiUcnMnraMU  bqoIIiKlTnitl  vi'Ika  Of  othprnn  of  niliMI  nl  an  SilrmDwd  Kafptt 
fftfpianey  ^KOlUnr.  •flirr  Itli-.-Iiiirri  n,  amnlDti :  iiI.  ■lUnioia  wlili  liii  libodTeaMfi ;  t. 
auSrrii-.iU.Tvilt^ai;:  n(.  •<!  "I'  .  Iiypoblutlc  tvlltwiliini  .if  ilir  yi-lic  hp  and  U  Mktt 
tnnililUiTal  nlvla  and  c><rili .  /■!.  •  nu-iilnr  riinulilojiTii.'  iik'HiIthuk'  of  tbc  lunbiUe*!  cord 
Anil  Tn<1(-bF;  ii.  pUoniirol  tIKI  ri-nri'-^l  ''>  itn^  itljikrii' >!»  &fi<l  *];lpr/iiial  iiiFmlimitv :  r,  hjuuv 
llll«d  «rilli  fluid  l«F<vi.<ru  Ihi-  iuiiiit4>»,  L'l"  fil^ndiJFt^  niiil  (]■■-  y><M('*jii< ;  pf .  alnu*  t^rmltiaLli 

Fjik  Sl--I>luniiiirnaitL'  iluri*!  vh<w  -pf  «n  t-niijiyo  nkbbLE  with  U»  uirrttlirbiin  ■(  Ihc  slue  of 
BlD»*anill>Hilla-Moii.sfii-i  Van  lii-ni-il<-ii  «iirl  Jullu>.  ol.  ■Iliuii'ilii.  bJiuuIiik  rrum  btnlnil 
Qi«  tAtI  fofd  of  th>- 'inbr^ji :  rJni.  nikl#<r1nr  IjimJrTfif  iDjr*  nriiTilf>ri :  'i  <'.  nwrn  i-A»eulriaik.  thn 
oulrr  honltr  nf  shli'li  imllnlM  rha  Utlluai  pi!lrniJ"0  of  ttii-  m.-tuhliui :  N,  bliutiHtnnn, 
bavoooAbiJiMe  only  4if  r|jki>Lt*1  an  J  lijiir-bt&bi  ;  n,  m.  v.  4-riJi^hnl4>-'»'4f-r>lfn?  or  Tirrillne 
*Tlfu:  p  '111,  ipfittiniiiijii ;  j>f^  uiiu  tuAciilnr  i-tiililoatlo  vtlU  ut  tlir  futurp  plikccoiA-  a-  f,  ■!- 
DIB  tmiiuialte, 

the  nbM>nc-ri  in  tho  formurof  an  i^jg-tibcll  and  itM  nionibrancA, 
Mid  of  yt'lk  and  albiunun.  The  ntammalinu  ovum  iu  inclo8<Ml 
by  a  zuiM  rtuliaia  (sonn  pi'llwidn)  xurrouiidiiig  anuthur  vi^ry 
delicate  covering  (Fig.  AS). 

Tho  growtli  iif  the  hUiiitoihrmic  vesicle  (yu]k-»!nc)  ie  rapid. 
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1,  being  filled  with  fluid,  tlie  zoda  la  thinned  and  soon  dittap- 

irs. 

T)h>  xi'rmiiial  nrva  nlonc  is  niftdo  up  of  thriH,>  Inyora  uf  cclU 
(Fiju;.  1(14),  111!.'  rt-st  v(  tliit  tiji]>cr  [>nrt  of  thu  ikViktiii  lioing  1ini«l 
vrith  L'pihlaDt  uiid  Lypublusl,  whilu  tliu  luwor  zoiiu  uf  Lhu  yvlk- 
nac  (^'ousisU;  of  opiblast  only. 

Simple,  uon-vasculur  villi,  serviiig  to  attacli  the  embryo 
to  tl»'  uterine  waits,  naually  project  from  the  epiblast  of  th« 
imljKonal  mpmbrane.  In  the  rabbit  they  do  not  i>c;crnr  every- 
whire,  but  only  in  that  region  of  the  epiblattt  beneath  which  the 
mesoblaot  does  not  exteiiil.  with  the  exception  of  n  patch  which 
Hfioti  apiHiKrs  an<i  tktniarkutus  the  »it«.'  of  the  future  placciitn. 

The  L-Xti-nsion  of  the  uiL-soblasl  t«keti  plaOe  in  every  direction 
from  the  embryo  except  directly  around  the  head ;  but  the  two 


_     _  BmrnMlP  mpdlan  Trnlcttl  toncitttcliniil  nHtloni  Ihmurli  pinbrrn  mbblt  lllml- 
,  ttfler  Vvi  8vnr<Tcn  kail  Juliro.    A- M^-ii^iu  UirvuitU  cnilirjru  of  ViU-  ^-    B-  KrcTlon 

i;  n  r,  dnMi  vjhi^uLixa ;  rA.  ohnrlnn  :  at,  oi-Iiii»  nf  frnliryn;  nr',  ^iim  vr^lny- 
3tt  Of  tbi?  lHid3''nTlQr  ^  tp^  i;|jlbi>sl  -.  hu.  liypublAfL  '.  m-  uiu|>Ul  lii(«oblafJ  ;  ci  ii. 

I  vt  ttmnlon  :  i<l,  plaivnla ;  jim  ii.  proamolun  ;  i.  r,  liuui  Knalualla ;  i'.  iplbludi^ 

t  tilkMoilBrailc  <Fuiri:li<. 


eX[)au9ion»  of  the  roesohlnst  which  ninrlt  out  tliiT;  nri-n  extend 
(or  mine  di»ln»cv  in  front  of  the  licail.  luid  ultimutoly  unite; 
so  that  immodiati<ly  in  front  <if  tlie  head  there  iit  a  circular 
region  in  which  the  bloytodorm  coii«ist«  of  epibla«t  and  hypo- 
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blaat  only,  forming  a  cavity  into  wliicli  the  anterior  pnrt  of  fh© 
orabrj'o  early  jinijects  {{tm-<tmuion). 

Tbe  true  amnion  arisRs  only  fi-nm  the  posterior  end  of  tho 
ombryo.  ami.  pxt>oiiiling  over  in  a  Tonvani  direction,  meot*  tho 
nlspd  projiftioti  of  tho  pro-ainnimj  with  which  it  fu^^. 

Tlie  amuiotiti  cavity  hccomos  one  with  that  spnci*  (exlran-m- 
bryonic  plouro-peritoneal  cavity)  arising  from  the  ck-avsgv  of 


rWifll-JfliiiHl  nmlnm  nf  B  rabbit  nDbnro  (Hlani.arit?  Van  Boadm  aod  JnUQ). 
•HJiilMo  FFk,  »  B,  Tlie  wnnloo  tuw  hBconm  futxi  ■  lOi  iiu-  iilaatodiirBi  to  frouo 
WuBya.  Hill  lU  •Tartly  it  tlMnAm  condagiiiu  nlili  ilif  I'lm-nnbtyDUfo  IKUtlos  of  __ 
hnH^'OnHtr  Id  Imril  nf  <ho  idnliri'O-  AL  kllutUp^H  :  nm,  Amnlnn  :  iini'.  pnHtKn  of  tM 
■ninlon  iinll-Mlntili  ihpwallcif  ihc  aIIwiI'iIh;  A  pl.umpUteeoitUii-.  .<■',  nrrn  vaKuloMi 
Cfl^  eliorlon  ;  C\x^  catk-ni  or  bo'ly-rcivHy :  Cv^".  cxIrA-ciiihr^oDlo  iinrtii.tn  '4  Ihe  bcKW- 
i^AvUr  :  OW.  aulrHor  iiorlloa  of  tbr  iujij(\  itrrHlutwl  Liy  thi^  fuclciu  uf  Ui^  i^%'U^'  -Jt  Oto 
anininn  witli  llut  <:rf  (lii*  4li|priiir  [K.trtii>N  of  uh'  nrvu  ik|iiM.n  ;  Kr^  fi\iiilajit  :  Kii,  ftlli»i*lilury 
miul  of  the  i-mtirin-  (C"'.  l'n'"''l'X  :  /*',  rla'—nm :  /.it.,  ,i,  |if™inink>i»:  JT.  •Ino*  Wr- 
ndnallc  K.  lUliorbUOixltirndvmk'lr:  1*. nilty  of  bliWHrTinlG reddc 

the  mt'soliliif^t,  which  now  ndvunccs  heyinid  tlie  huad  nf  the  em- 
hryo  and  the  pro-aniiiion.  The  pro-amnion  by  ^aduul  atrophy 
gives  place  to  the  true  amnion. 

At  about  tlie  same  period  as  thesw  events  are  transpiiing  the 
vR«cnlar  yelk-sac  ha.s  heonnie  sitinller,  and  the  allaiitnis  with  its 
abundant  supply  of  blootl-vessfls  is  becoming  more  prominent, 
aud  extending  between  the  amnion  and  subzoiial  mombrHnc. 

The  formation  of  tho  chorion  ninrlot  an  importunt  step  in 
the  development  of  mammals  in  which  it  plays  an  im]K>rtant 
fuuctiunul  part.  It  is  the  result  of  the  fusion  of  the  allantois, 
which  is  highly  \'ascular,  with  thesahzonal  membrane,  the  \illi 
of  which  now  become  themselvee  vascular  and  more  complex 
in  other  respects. 

An  interesting  rc^iiemhlance  to  birds  has  been  observcii  (by 
Osbom)  in   the  opossum.     'VNIien  tbe  allnntois  ia  small  the 


BEPBODDCrriON. 


w 


Irki  v»tla  half  brva  nmnml,     u.  tinv-  { 


111  Ihu  »eut«l  nidi!.    Chwt  and  ten- 
<v- ;  r.  uiulin-Jnu  iflnl  Eliraivli):  d. 


•ccood  RlltaMb :  t.f.  o.  V  iHWft  'r.  rUcM.  '.  Wi  iiiinc  ..,...„ 

•mta  icvtotii  of):  tit,  llnr  iln  tbr  mjilillv  bcinn-n  ihr  Iwn  Inbca  b<  IW  viii  rrlk-irini: 

li,    lilnd'Hab*.     ne   craukid   oiiitinu   hu   Uvn    UivU'liuil   itraiKlii-     illiuclrel,  miter 


A.r. 


■  W  —  tllnemin  of  wi  crabryn  rUiovloK  t.h>  r^UtlnMnT  Ihn  tiuh-iiIiu  olluitnii  to  Uii>  lUU  of 

Utf  pli->rt«iiC»dl«li    r,  »mbT7M  IjinK  In  thr  r«Tiir  cjf  Uir  niiinliin:  M.  yolk-Mtc  ;   nJ.al- 

j*.  r.  klluiMla  naitl*  dlppuig  inu  tbr  tUu  o(  Uu  cborloD  -.  rli.  rnoriiiu. 
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blaatmlftrmie  veeiele  (yvlk-^ac)  lias  tmcqIat  villi,  which  in  all 
Iircihftliility  not  only  wrw  tlw'  pur])oso  of  KttachitiK  tho  pmhryu 
to  the  uterinR  wall  but  tlcrive  nourishrauiit,  not  iis  in  biixls,  from 
the  albumen  of  thn  ovum,  hut  dirpctly  in  soniu  wiiy  from  the 
utcTiDO  wall  of  the  mother.    It  will  Lb  rememborwl  thiit  the 

opossum  mnkit  low  in  the 
mamnmlian  scale,  j^o  that  this 
respmblance  is  themor(.'«ignifi- 
rftnt.  from  an  evolutionar)'  puiut 
of  view. 

The  term  cJiorion  is  now  ro- 
Rtricted  to  those  regions  of  the 
mibzonal  membranu  to  which 
either  the  yelk-sac  or  the  allan- 
tois  is  nttnche«l.  The  former 
xone  hns  iK-en  distinguitihed  aa 
tlie  false  chorion  ami  the  latter 
as  the  true  chorion.  In  the 
rabbit  the  false  chorion  is  very 
large  (Fig.  83),  And  thc-(plAt^oa* 
tal)  chorion  very  small  in  com- 
parison, bnt  the  reverse  Is  tlie 
casp  in  most  mammals.  It  will 
be  iiote<l  that  in  both  birds  and 
niatnmals  the  allantois  is  n  n»- 
tritivtt  organ.  Usually  Uio  more  iitvniiiK^nt  and  pr-rsistciii  thu 
yelk -sac.  the  loss  so  thu  allantois,  ant]  vice  versa;  they  are 
plainly  '^'ipplciiiciitiiry  urgaiitt. 

The  Plftoenta.— This  slrurttiru,  which  \-arie8  greatly  in  com- 
plexity, may  he  regarded  as  tho  nwult  of  the  anion  of  Btructures 
existing  for  a  longer  or  shorter  perifHl,  free  and  largely  inde- 
pendent of  each  other.  With  e\*olution  there  is  different iation 
and  complication,  so  that  the  placenta  usually  marks  the  site 
where  .structures  have  nii^t  and  fusefl,  dilTerentiating  a  now 
organ:  while  correupondiug  atrophy,  obliteratiou,  and  fusion 
takf  plmi*  in  other  regions. 

Ail  placentas  are  highly  vasoxilar,  all  are  villous,  all  dis- 
chargi-  similar  functions  in  providing  the  embryo  with  nourish- 
ment and  eliminating  the  waste  of  its  cell-life  (metabolism). 
In  structural  details  they  are  bo  different  that  classilication.s  of 
mammals  have  been  founded  upon  their  resemblances  and  dif- 
ferences.   These  will  now  be  briefly  descrilnnl. 

In  marsupial))  the  yelk-sac  is  both  large  and  vascular ;  the 


thi- Vli'rliilaii'tii-'viitii  iIIei^^hI.jei.  nfiiT  i"Jfc- 
Imrnt  '['w.»  Tilli  nri'  nUfwn  irn-nlly  ^■l^ 
l&nrfil.     Ti\r  Ipr*x^^K.ntf  (Ik-  j^'itv  whl''K 

muml  111  th^  iM'iiil'iin  nlliL  ilriiorlh-y]  by 
CbUI*vII,  M^nll'ilittpi' ,  i-nri,  niiiEi'itfi ;  t  r, 
rUjui    Ifpfintnali-  i   *   i>   MiOufpiml  rTi.'iii- 

Eliliui  dikI  miiHitiliui '  !•  liirllualwl  bj 
p  tiliU'K  llnr 
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itoifi  innall  liut  vosculnr;  lite  fonuvr  is  s»k1  (Owon)  to  Lu 
attac-lied  to  the  subzona]  meinbraiie,  the  luttor  not ;  but  nu  \-illi, 
and  consequently  no  true  chorion,  U  dovoloped.  All  mnmmals 
othor  thiin  the  nionnlmmefl  and  niarBU]>islB  have  a  true  allan* 
tok"  |)iiMonti», 

The  Diseotdal  Plu«nta.— This  form  of  jilaceutA  ix  that  existing 
in  tht-  roiluutis.  iiisiftivora,  and  cheiropterit,  Tho  condition 
fouud  in  tho  ruhbit  ia  that  which  has  boon  motft  Ktitdiud.  The 
relation  of  |utrt«  is  shown  in  Fig.  83. 

The  uterus  of  the  rodent  i«  two-honiwl ;  so  wo  find  in  gen- 
eral several  embryos  in  eat-h  horn  in  the  pregnant  rabbit.  They 
are  functionally  independent,  each  having  its  own  set  of  mem- 
branm.  It  will  be  oluierved  from  the  tiRure  that  the  true  vil- 
lous chnrion  in  confined  to  a  comparatively  small  re^on;  there 
i-showevi-r,  in  luMition  a  false  chorion  without  villi,  but  highly 
viiAouhtr.  This  bU-nding  of  forms  of  )ilH(X-ntation  which  •^'xist 
w.-]inrat(dy  in  difToront  groups  of  animals  is  xiguificAnt,  Fn  the 
mbbit,  at  a  Ut«r  stage,  there  is  coiutidurable  intermingling  of 
fivtal  and  maternal  jarts. 

Tht  HatadiBOoidal  Pkoent*.  —  Thin  type,  which,  in  general 
Dake«)-eye  api>wii-jinoi'it.  griiatly  resembles  the  former,  is  found 
in  man  and  the  npus.  The  condition  of  things  in  man  is  by  no 
nutans  as  well  understood  an  in  tliu  lower  mammals,  especially 
in  the  mrly  stages ;  so  that,  while  the  following  account  is  that 
usually  given  in  works  on  embryology,  the  student  may  as  well 
underMtiiiid  that  our  knowledge  of  human  embryologj-  in  the 
very  eurlit^«t  stages  is  incomplete  and  partly  conjectural.  The 
reoflon  of  this  is  obvious :  specimens  for  examination  depending 
on  accidents  giWng  rise  to  abortion  or  sudden  death,  often  not 
nechinR  the  lalmratory  in  a  condition  iiermitting  of  trust- 
worthy inferences. 

It  is  detinitely  known  that  the  ovum,  which  is  usually  fer- 
tUiztxt  in  tho  oviduct  (Fallopian  tube),  on  entering  tho  ut«ruG 
becomvfl  adherent  to  its  wall  and  encupsuled.  The  mucous 
iDunbraDe  of  the  uterus  is  known  to  undergo  changes,  its  com- 
ponent parts  increasing  by  cell  multiplication,  becoming  in- 
tensely vascular  and  functionally  more  active.  The  general 
niucous  surface  shares  in  this,  and  is  termed  the  itecidua  I'eni ; 
bat  tlte  locality  where  the  ovum  lodges  is  the  seat  of  the  great- 
est Diiuiifestatiiln  of  exalted  activity,  and  is  termed  the  decuhm 
terotiiia  :  while  the  [lart  believed  to  have  inveitted  the  ovum  by 
fuMxl  growths  from  the  junction  of  the  decidna  vera  and  sero* 
tiuA  U  the  drciihta  refte^ra. 
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Tlio  dpciduft  wrotiim  aud  roflexa  thtis  become  the  ouU-rmoet 
of  all  tliv  coverings  of  tho  ovum.  ThtiEO  and  eome  other  ilcvel- 
opmoiitM  art!  fij^rwi  Ik'Iow.  It  U  to  be  remoraberud,  however, 
that  they  are  highly  dia^ rammatie,  and  represent  a  mixture 


rirlnl*.  In  ihi:  himiaii  tuliii-i'i  Thi>  >ItcIiIiiii  nn-  ilnrli,  tlip  nviim  thndird  iniiwTFntcl^.  In 
kn^Htlm  clioflonio  <LUL-iikAr  (iroorflH^  m*  lltrurrsl  iiiftvr  tInlTonL  I.  Onim  r««UllB  no 
UiL-  ilrcUlun  ■I'tiiDim  .  '1  IJi'.'JiluA  ivnuiii  KTuwlUK  iiiiiuil  III''  -ivuiu  :  I.  CoinpjMlon  or  tiM 
(IfcUtiM  uriMiiiLl  rlit'  ill  uni ;  i  Villi,  irniwine  uiii  all  jirinjinl  Ow  vhitrinn  ;  It.  TbP  rllil,  sp^ 
rltlly  iUrfrl^iiwil  at  i>i''  ^ii'  i.it  tlac  fiftur^  |a1ac-iiiA,  liat-inir  ntt^^ftbl^il  i-lv<riipi^ 

of  iiiftTL'iift'M  i HIS' -d.  some  of  them,  on  octuul  obst-rviitiou  and 
othpn*  on  aiiwlogy.  ale. 

The  figurt's  will  convey  aome  information,  though  apppar- 
anceti  in  all  siit-h  i-a&eH  must  be  interpreted  cautiously  for  the 
reasons  already  mentioned. 

DurinR  the  first  fourteen  days  villi  appear  over  the  whole 
HUrfn(*e  of  the  ovum ;  about  this  fact  there  is  no  doubt.  At 
the  end  of  the  first  month  of  ffetal  life,  a  coinplet*  chorion 
has  been  fonmti,  owing,  it  would  seem,  to  the  growth  nf  the 
alluntoiii  (its  luesobbisl  only)  beneatli  the  whole  surface  of  the 
HubKunal  membrane.  From  tho  chorionic  lurfnre  vufcular  pro- 
cesseB  clothed  with  epithelium  project  like  tho  plush  of  velvet. 
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le  allantoic  is  compresswl  lunl  ilovoid  of  n  ra^'ity,  but  nlnui- 
dantly  supplied  with  blixKl-wsHuU  by  tlie  allaatoic  aiicriusand 


_.  n  —Vaaaa\ar  arMnn  or  ilu>  tiiiiiinn   fo-lm,  niprnvntrd  iTh>|.i«iiiiiiiirli  iiTtj    iHuilcyi. 

7  H.  lMa/1 ;  r<l,  •octio  Ininli ;  r,  fnnimi.ii  <iin>iiiil  nrti'ii  -,  r'  wrt*rti«l  mnilUl  uitrrt :  r". 

'  lUcrnal  eaiMId  utrry ;  •,  (uU-la>lnn  krli'ry  :  ■'.  '■'i-ii'liral  trtury ;  1.  S,  \  t.  .%.  nnMlc 

E  w^c*^  A',  donal  nort^.  ry,  <»]U|iliAli>mi<*4'Oi'^rt4:  artrrv  ;  ih\  vtirmnr  cluot :  o',  omphA^v 

;  MNitiWrtc  Tvlu  :  r-.  uixtiillrnl  vtnHi- ,  !'(<-  1"»i'l  «')"  .  '-  Uritr  :  ii.ii.  umbilical  wttulail 

ar.a",  ibrlrriiiUnc*  in  111*  [jUi'-'iiu  :  u,  iimiiUli'iil  m'Iii  ^  /ir.  iliictub  h-immiw:  uD.  bvpNtlc 

i*b:  <i<,  Inf nrtor  nfiia  rais:  ■>'.  tliao  trliia;  ai,  tttia  m*j^icr>»:  n*.  pcaUrlor  mRUHl 

*• ;  DC,  duel  or  Ofrter ;  P.  Imut. 

veins,  which  of  course  tprminate  in  capillaries  in  the  villi. 
Compare  the  whole  series  i>f  liRiiren. 


k  K— lluoiBii  ura  durfne  tmrty  nuutM  ot  iMvlapinutiL    A  luul  9.  triiut  luiil  ■l<li'  iti-w  nf  nn 

~' 1  oipwpJ  to  twMUDUE  (nlrl»;n  ilanolil :  «.  nahrTonle  ut«  <QiiBln,  nflrr  Itrlplirrii : 

an  of  rour  (o  On  nrlu.  iibiiwliu  tbp  nmuml  nrucum  or  Ibc  otudi  In-forc  fcprniBUoo 
r  th#  fitewil*    Pact  of  tin  wall  ot  lOo  orum  la  iwnorad  lo  *liow  tlia  atii<H7u  lu  (uiilkcii 
Mfltv  Xlks  Tboimonl^ 

At  this  atajje  tho  condition  of  the  chorion  auRsests  the  IjT^ 
of  the  difFuse  placenta  which  is  nopnial  for  certain  groups  of 
4nimAls,  as  will  pre^c^ntly  he  learned. 

The  subeeqaent  changes  are  much  better  understood,  for 


M 


ANIUAL  PlIVSlOLOOy. 


(fjirts  nrp  in  general  no  longer  mici'osc<'pic  tmt  of  considcraWe 
stZLvuiiil  iheir  riial  structure  lessreatlilyubsruredorobliteratwl. 
Tbu  umniutic  cavity  continues  to  enlarge  I>y  growth  of  the 
walls  uf  thu  uuuiioii  mid  i»  kv\>\  fillixl  witli  n  fluid ;  tliv  yolk-tuu^ 
is  now  very  small;  tlit-  dLi^idun  n-tloxu  lii'Cotni^-ji  almost  uoii- 
va^culnr,  and  fu.st>»  tinally  with  the  decidua  vera  and  the  cho- 
rion, n*hich  except  at  one  jiart  has  ceased  tn  l>e  villous  and  Taa- 
cular;  so  that  becoming  thinner  and  thinner  nitli  the  advance 
of  i>Pejfniincy,  the  .single  membrane,  arising  practically  from 
this  fusion  of  sovurul,  i»  of  n  low  tyi>o  of  structure,  tho  result  of 


^m^:^^ 


4' 

Ph.  Nl— HamannabtmwritawwlKinlil.  irlihlixvTvrtnDii:  natunl  ilip.  TtieoBtpl-<_.. 
PMMavaai  ttenarcl  to  aw  plari'nin  n,  nmnli'n:  r.  cIkiHoiii  <(.  pUnnU:  d'.  n'lniiliui 
ofnttiorlbnaKKUeltartaa;/. ilrFiiIuii  nfiaiuilmntiig.ilttiditavmfuiaaiMr).  iHwv- 
lud  ktwr  Bamlivd  flubiilUa,) 

gra'hial  'legeneration,  as  the  r6le  they  once  played  was  taken 
up  by  other  parts. 

But  of  paramount  importance  is  the  forranliou  of  the  jrf<i- 
cenla.  The  chorion  ceasoa  Ui  lie  vascular  except  at  the  spot  at 
which  the  villi  not  only  remain. but  become  more  vascuUr  and 
branch  into  nr>}orv8cent  forms  of  considerable  complexity.  It 
is  discoidal  in  form,  maUu  up  of  a  fu-tal  [mrt.  just  described  and 
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|i  maternal  part,  the  dedduasepotina,  thft  two  becoming  blended 
that  thp  removal  of  one  involves  that  of  more  or  leas  of  the 
others.  The  connection  of  paris  in  far  cloiier  than  that  deiicriberl 
for  the  rabbit ;  and.  even  with  the  preparation  that  Nature  niake-t 
for  the  flnal  separation  of  Ihu  placenta  from  both  fietus  aud 


LiMCBiiuc  :  II.  ■•tilicli'  ^•r  lilt-  uiniiiliiHi  >r<ii'lv  :  •■   •',  iiiniriiiiiii  «iIi>Ip:  «.  MBOlea;  oh. 


H   D.  nialamal  uunbiu  «f  Um  ulaocoM:  d.  it,  dvdclua  Tent :  il  r.  ilDCMiia  n>nnM:  al, 
•lUnUds. 

mother,  tills  event  docs  not  take  place  without  i^omc  rupture  of 
reewls  and  ■-'>iiiR'()uent  IiR'niorrhage. 

It  is  ditKcult  to  convKivu  of  the  great  vascularity  of  tho 
human  placenta  without  an  actual  examination  of  this  structure 
Itself,  whirh  can  be  done  after  lieiun  cast  off  to  grpat  advan- 
tage when  lloating  in  water;  by  whieh  simple  method  also  the 
thinne^H  and  other  chariirteristics  of  the  membranes  can  be 
wi-It  miMlc  out. 

Tht>  gn;Bt  veswels  conveying  the  ta-Xnl  blood  to  aud  from  the 
plncenla  an-  rwluced  to  thrue,  two  artfrics  and  oul-  vein.  The 
rilli  of  the  placenta  (chorion)  aru  uitually  said  to  liaug  freely 
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in  the  blood  of  the  large  irrcRulur  sinuiws  of  the  decidua  eoro- 
tina;  bnt  thU  is  so  unlike  what  prevails  in  other  groups  of 
aaunala  that  wo  can  not  refrain  from  believing  that  the  state- 
ment is  not  wholly  Inn.'. 

The  Zonu7  PlaoentA.— In  this  typu  the  plneenta  is  formed 
along  a  broa<i  e«|uatoriftI  liult,  leaving  thi'  poli-»  fruu.  This  form 
of  phu'cntation  is  excmpl ilii-<]  in  the  carnivora,  hyrox,  the  cle- 
phuiit,  etc. 

In  Ilie  (log.  for  example,  the  yelk-sac  is  large,  vascular,  dow 
not  fust'  with  till'  chiuion.  and  persists  throughout.  A  rudiment- 
ary discoid  plnwnta  is  first  formed, as  in  the  rabbit;  this  grad- 
ually sprivuis  over  tin-  whole  central  area,  till  only  the  extremes 
(poles)  of  the  oTum  rt<uiahi  free;  villi  iip]icar.  titting  into  pits 
in  the  uterine  surface,  the  matomal  and  fu-tal  parti*  of  the  pla- 
centa becoming  highly  vascular  and  closely  approx limited. 
The  chorionic  zone  retnaiuB  wider  than  th«  plncoutal.  As  in 
man  there  is  at  birth  a  separation  of  the  tnatcmal  as  well  iis 
fo?tal  jiart  of  the  placenta — i.  e., the  latter  isdeciduate;  there  is 
also  the  beginning  of  a  decidua  i-eflexa, 

The  Diffiue  Flaoenta.— As  found  in  the  hoi-so.  pig.  lemur,  etc., 
the  iilliiiitois  oniplctuly  iucbwies  the  embryo,  Hu<i  it  becomes 
villous  in  hII  parlii.  except  ii  suinll  area  at  each  pule. 

The  PftlycotyUdoaary  PUoeBtR.— This  form  is  that  met  with  in 
ruminants,  in  which  case  tlie  allantois  completely  covers  the 
surface  nf  the  suhzonal  membrane,  the  placental  villi  being 
gathered  into  ]mtchps  {ro/ijUihina),  which  are  ei|uiviilent  to  so 
tmuiy  inilependent  plact-ntas.  Tlie  component  villi  fit  into  cor- 
responiling  pits  in  the  uterine  wall,  which  is  aijecially  thickened 
at  these  iwints.  When  examined  in  a  fre.sh  condition,  under 
wat«r.  thoy  coustitute  very  beautiful  objects. 

Comparing  the  formation,  complete  development,  and  atro- 
phy (in  some  cases)  of  the  varioiw  fretal  apiieinlngef  in  mam- 
mab.  one  can  not  but  ijei-ceive  a  common  plan  of  structure, 
with  variations  in  the  preponderance  of  one  part  over  another 
here  and  there  throngiinut.  In  birds  these  structures  are  aim- 
plei-.  chietJy  becan.se  less  blended  and  hccause  of  the  presence 
of  much  food-yelk,  albumen,  egg-shvU,  etc.,  on  the  one  hand, 
and  the  absence  of  n  titunnu  wall,  with  which  in  the  mammal 
the  membranes  are  brought  into  close  relationshi]),  on  the  other; 
hut,  as  will  he  shown  later,  whatever  the  variations,  they  are 
oduptatioDS  to  mvet  common  needs  and  subserve  common  ends. 
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Microscopic  Structcbe  of  the  Plackkta. 

This  varies  somewhat  for  different  forms,  though,  in  thjil 
there  is  a  siipporting  matrix,  miriuto  (cnjiilltiry)  ))lo(Hl-ve«tsol8, 
and  epithelial  coverings  to  the  fa>lAl  nnd  mntvniiilsurfiux':*.  the 
seventl  forms  ngreu. 


^ 


Flo.  Vt 

tnu.  lA  lo  lUl.— DMicraamBllf  rnnnaiulatliia  of  ifae  mlnule  ttnipturv  ol  ihe  plai.-«ita  lyrolcr 
■Bd  EUU-Kir.  After  Tiirarn.  F,  I'fM  :  it.  iiuiuvnftl  ploiMiDUi :  r.  Fpltlirlluiii  «t  ehtirlon  : 
¥•,  tftthfUmu  at  niDli-nul  i-kbf  hia  :  •(,  tti>UI  hltud'tnwtk ;  li'.  oiuUTiuU  lil(uJ-inw4a : 
V.  tnliHk 

Fir  M.  '  rUornu  la  n«m  KBOcnUMd  torm, 

Fm.  M.— 8lnii>iiin>  r4  tdacnolk  of  it  pig. 

Fm.  <r,~<ira  rem, 

Pm  m-iit»to%. 

Pu  W  -Ota  nu. 

Tlio  pig  posMSses  the  8impl(>iit  form  of  plac«iita  yet  known. 
T]ic  villi  6t  into  depression!)  or  crjtits  in  the  mntemal  uterine 
ntucuus  mumbmue.    The  villi,  cunsititing  of  a  core  of  connective 
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tissue,  in  which  cjipillariea  abound,  are  coverwl  with  a  flat  cpi- 
tholium ;  the  nmternal  crypts  forrpspoiul,  Wing  coniiKxte*]  of 
a  similar  nifttrts,  lined  with  ppitheliuin  and  perm«tU-<l  by 
capillary  vMseltf,  which  constitute  a  ploxui<  or  m««h-work.  It 
thus  rpsultii  that  two  Inyunt  of  upithi'liuni  intt'rvoti)>  hutn'M'a 
the  maternal  aiul  fu.'tol  utpiUnrius. 

The  arran^muot  is  substantially  the  sain^  in  the  diffuso  and 
the  c«tyl(vlonarj'  placenta. 

In  the  decidiiate  placenta,  naturally,  there  is  greater  corapli* 
Ctttion. 

In  cortaiii  forms,  aa  in  the  fox  anti  cat,  the  maternal  tis- 
sue «liow9  ft  system  of  trabecule  assuming  a  nipsheil  fonii, 
in  which  run  dilatcl  capillarion.  TlifSi-,  which  art-  covered 
with  a  somewhat  colunmar  opitht-linm,  are  everywhore  in 
contact  with  the  fcetal  villi,  which  are  tltonuselvcs  covered  with 
a  Rat  epithelium. 
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^0^, 

■'^N?/^ 


■^'i 
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M. 
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Fiu.  lUI 


no   101. 


Fio  100.  Ilnprninorii  iili->ih  IHiil  miili-nuilr]itihrlltl  <.-i41i  ihotrn  In  pialUoii  ou  rl|[hl  Ma: 
oil  left  iTt<-y  un-  ri'ifU'ii^T  iviilI  illlcilnl :  nmbfrnAl  tpvoL  wIUi  lut  bloottcvttiicLM  rJijioanl, 

Fill,  lill.-STnii-Iiin-<'t  iiiiiriuii  |iliuvBI4i  il^  ilivlilun  vntlna :  t.trabooulwdf  anMllm  iwialu 
lo  f'l^lAl  fiUi  :  i>i.  ncrlJEij;  artirr  ;  ttp-  Mrropineriita}  nin :  j,  pmtnii|ni(lnn  or  mitXprivl 
tlHur  'in  nierlnr  or  illkn,  '■iiMlrJr-  i»lltil*r  uyrr  •'.  wlilcli  nay  rpiirrwiil  plilitr 'inloih*. 
liiini  oT  inairriidl  trlkkii]-vi<ito4.iUor<lrljcAlv  conEHviive  tlvur  or  tnv  «r-roiliiA  tir  In'tb  :  r'  jii&' 
Umal  ceIIi  uI  ilu'  ■irniUun. 

In  the  oaso  of  the  sloth,  with  a  more  dtecoidal  placenta,  the 
dilatation  of  capillaries  and  the  modification  of  epithelium 
an-  greater. 

In  the  placenta  of  the  apes  and  of  the  human  subject  the 
most  marked  departure  from  simplicity  is  found.    The  maternal 
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vessels  are  said  to  coniititutC'  ]argv  iiitvrcommuiiicatingsiuuses; 
the  villi  may  liang  fnvly  &iii;pi>u(ItKl  in  thesi?  siaiiHeH,  or  be 
anchoretl  to  their  walls  by  strands  of  tissue.  There  is  believed 
to  bo  only  oiio  layer  of  epithelial  cells  lietween  the  ve^tels  uf 
mother  and  foetus  in  the  later  stOKea  of  pregnancy.  This, 
while  clofiuly  iuvvstiitg  the  ffelnl  veswels  (i-aitilhirios).  roally 
bclougs  to  the  maternal  ^nicliin^.  The  si^nilk-nuci>  uf  this 
general  arraug«ment  will  bo  explained  iu  the  chaptur  on  the 
physiologiojil  HSpeots  uf  tlif  subject. 

It  remniiis  lo  inquiru  into  the  relation  of  these  forma  to  one 
another  fn)m  a  phylopenetic  (derivative)  point  of  view,  or  to 
trace  the  evolution  of  the  placenta.. 

EtoIoUoil— PaiwinR  hy  the  lowent  mnminnlR,  in  which  the 
placental  rclationn  are  an  yet  iniperrcotly  nniU-r^tfUKl,  It  seems 
cl«ar  thai  the  i)implfi4t  condition  is  Toiind  in  the  rodeiitia. 
Thus,  in  the  rabbit,  as  has  bean  dusiTibtd,  both  yelk-sao  and 
allantois  take  a  nutritive  part;  but  the  latter  remains  small. 
Id  forms  above  the  rodents,  the  ullantois  fmsumes  more  and 
morv  importance,  becomet^  larger,  and  sooner  or  later  predonii- 
Iial<*«<  over  the  yelk-sae. 

The  dismidnl,  zonary,  cotyledonnry.  etc.aro  plainly  ovolu- 
tions  from  the  diffuse,  for  both  (IiS'er(*ntiation  of  structure  and 
integration  of  part^  are  evident.  The  human  placenta  seems 
to  have  arisen  from  the  diffuse  form;  and  it  will  be  remem- 
bered that  it  is  at  one  period  i-epreaented  by  the  choi'ion  with 
its  villi  distributed  universally. 

The  reaemblance  in  the  embryonic  membranes  at  any  eorly 
lUge  in  man  and  other  mnninmis  ti>  those  of  birds  certainly 
mggeKtm  an  evolution  of  some  kind,  though  exactly  along  what 
lines  that  has  taken  place  it  Ik  difficult  to  determine  with  exact- 
ness; however,  as  before  remarked,  nearly  all  the  complications 
of  the  higher  forms  arise  by  concentration  and  fusion,  on  the  one 
hand,  and  atrophy  and  disapiiearanoe  of  [>art8  once  functionally 
activ.  (in  the  other. 

Suiamary. — The  ovum  ts  a  typical  celt ;  unspecialized  iu  most 
directions,  but  so  specialized  as  to  evolve  from  itself  compli- 
cated structures  of  higher  character.  Tlie  segnientation  of  the 
omm  is  usually  preceded  by  fertilization,  or  the  union  of  the 
onclei  of  male  and  female  cells,  which  is  again  preceded  by  the 
Mtrusion  of  )>olar  globules.  In  the  early  changen  of  the  ovum, 
including  segmentation,  periods  of  rest  and  activity  alternate. 
The  metho<l  of  segmentation  has  relation  to  the  qnnnlily  and 
•rrongemunt  at  the  food-yelk.     Ova  are  divisible  generally 
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into  completely  segmenting  (holoblastic).ftnd  thorn  tlint  under- 
go eegmeutaiioit  of  only  a  [lart  of  their  substancu  (morobloHtio) ; 
hut  llw  prdci'sat-s  arc  fuiulntnoiitHlly  the  wimo. 

Provision  is  niiuk!  fur  lliu  nutrition,  etc,  of  th«  ovirni,  vrhen 
fertilized  (oosperm)  hy  tbo  fonuation  of  yelk-«ac  and  allan- 
tois;  aa  devulopmout  procofids,  one  h^^-omes  more  prominent 
than  ilie  other.  The  allaiitoiti  may  fuse  with  adjaoont  mem- 
branes and  form  at  one  part  a  cnndenBed  and  liyi)ertropiiicJ 
chorion  (placenta),  with  Corresponding  atrophy  elsewhere.  The 
iirrangemeiil  of  the  placenta  varii.'S  in  different  'groups  of  ani- 
iuuId  »u  Constantly  ns  to  furnish  a  basis  for  cla^isiQcatiou.  What- 
ever the  variations  in  thu  structure  of  the  placenta,  it  is  always 
highly  vascular ;  its  parts  con»i«t  of  villi  fitting  into  crypts  in 
the  maternal  uterine  membrane — both  the  villi  and  the  crypts 
being  provided  with  L-itpillaries supported  by  aconnective-tissue 
matrix  covered  ertemally  by  epithelium.  The  placenta  in  its 
different  forms  would  appear  to  linvo  Iwen  evolved  from  the 
diffuse  typf. 

The  piiL-uliurities  of  the  embryonic  membranes  in  birds  are 
owing  to  the  presence  of  a  lurgi-  food-yclh,  egg-sholl,  and  ogg- 
menihranes  ;  but  throughout,  vertebrates  follow  in  a  common 
line  of  development,  the  differences  which  Separate  tliem  into 
timaller  and  snmller  groupie  uppenring  later  and  later.  Tliu 
same  may  be  said  of  the  animal  kingdom  as  a  whole.  Tliia 
seems  to  point  clearly  to  a  common  origin  with  gradual  diver- 
gence of  t)-pe. 


THE   DEVELOPUGNT  OP  THE  EMBRYO   ITBELF. 

Wo  now  turn  to  the  development  of  the  body  of  the  animal 
fur  which  the  structures  we  have  been  describing  exist.  It  is 
important,  however,  to  remember  that  the  development  of  parts, 
though  treated  separately  for  the  sake  of  convenience,  really 
goes  on  together  to  a  certain  extent;  that  new  structures  do  not 
appear  suddenly  but  gradually :  and  that  the  same  law  applies 
to  th(j  disapp«u-auco  of  organs  which  are  being  superseiietl  by 
others.  To  represent  this  completely  would  require  lengthy  de- 
seripiionsRod  an  unlimited  number  of  cuts;  but  with  the  above 
caution  it  is  hoped  the  student  may  be  able  to  avoid  erroneous 
conceptions,  and  form  in  his  own  mind  that  series  of  pictui-B9 
which  can  not  be  well  furnished  in  at  least  the  space  we  have 
to  devote  to  the  subject.     But,  better  than  any  abstract  state* 
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ate  or  pictorial  representations,  would  be  the  exaiitiiuitiun  uf 
a  flatting;  uf  ^gigs  day  liy  day  during  tiieir  development  uiidvr  a 
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fia.  100.— VarloiuiilACHlDllieila««)apnMitaf  Ow  troic  frtmi  Iho  •■«  (nftr  tl^nnii.  I.  Tb* 
■rcmitiiUDK  'iniiu.  ihowinc  diW  alMvag*  fiirniw.  S.  Hf^'llnii  -if  111"  nl>uvi<  ■<  rlicht  auKlia 
to  Uiv  rumiv,  3.  HixiiLn.  cm  AppnArancv  of  ■cmnil  riimiir.  ti^^w-I  vliirljtiv  fnmi  alion^ 
*  Till*  lalti?  "I'll  rrnin  la'tiiviUi.  ^.  Tlir  lUino.oD  npiiHraiicc  oF  lint  hnnfonul  (Urnnr, 
ft.  The  Hmf.  *R^  ttrim  a^xjw-  7,  LonulniJiiul  ■vi*tlon  uV  R,  N  noil  0.  TVo  |ihiiM«  In 
■drnn-uiinlnn.  onaiipmniweor  tounboml  llfUi  niriMwi.  in.  l.onirimrllnBl  vMlieal  •«iioo 
at  »  illi'h^ti'  Intt-r  iuick  Uuu  Uw  ■!»?>.  II.  I,ai>r  Htnin-.  I.'|'|>u-  [iiicnu>nli'd  ioIk  <tl>li1(iut 
Ei'in-  rii[iiillj  (liiiii  l<'rr>-r.  11,  LU*r  pliaaf  oT  11.  IM  l>>nMlRitllnBl  ••■nliiiil  •Kiilmi  -I  IV, 
J4.  S(wuu.-ailni[  nnini  nt  hlnOop'Hi?  ilaRW.  It  Loacllii'lTnnl  Tprtli'Ql  •n'lliui  cir  unw. 
IS  aoJ  It  ■  10  mil  oilicni  •  !■}  in.  UmicRuitbul  tvnlL-ul  MnloDof  (iDbrrn  nl  ■  Mip 
iimrlhoB  II  •■  ■  !0).  n<-.  iiiiL'Icu*:  r.cdcMWa  stTity  :  rp,  ri.Dilul :  1. 1.  yttkheiulUC 
tonwr-lBjvr  iv-IIh  :  bL  Mnalnixirn  ;  al.  ArcliMilMwa  (laU'ituU :  hb.  hjiuLlaxt ;  nu.  luulIflW- 
otlsenl  iiiMiilltiiKt  i  <A.  n>i<»vhi.inl ;  n.  ■>,  iitniral  (m rrliTO^nul)  ozU. 

hen.  Thii«  is  a  very  simple  innttor,  ami,  wliilo  tlio  nmking  niid 
moantinK  of  si^ctions  from  hardened  specimeux  is  vaUmbln,  it 
may  require  more  time  than  the  student  caiisi>arp;  but  it  is 
neither  su  valuable  nor  no  easily  ocooniplinhed  a»  what  we  have 
licat«)i :  for,  while  the  lack  of  sections  uindo  by  the  student 
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may  bo  roailo  up  in  part  by  th«  exhibition  to  liini  of  n  set  of 
specimens  ptTiuaiifntly  mouiit^vl  or  evoii  by  plnu^,  [lorhing  can, 
in  our  opiuiun,  Utk(<  the  pliw.'t>  of  tho  oximiiinvtioii  of  ejrifs  iw  we 
have  suRgestwl,  It  pn-pttros  for  the  t*Uitly  of  tlio  <K>v«'b>pmeiit 
of  the  ninmina],  and  oxhibits  the  nuimbraut^^  in  a  ^iitipHcity, 
fn-Ktiiir«s,  anil  l>eaut>'  which  irapurt,  a  kiiowloilgt-  thnt  only 
such  ilii-oct  contact  with  nature  can  supply.  To  proct'wl  vritli 
groat  simplicily  and  verj*  little  apparatUB,  one  requires  but  a 
forceps,  II  jilass  dish  or  two,  a  couple  of  watch-glassfs,  or  a 
broad  W!ction-lift*?r  (even  a  case-knife  will  answer),  wmip  water, 
contaiiiiuK  just  enough  salt  to  be  taated,  rendered  lukewarm 
(bluoil-he<at). 

Holding  the  egg  longitudinally,  crack  il  across  the  center 
tranBveraely,  gontly  and  can-fully  pick  tiiviiy  tlii.-  shi'll  iiud  its 
membranes,  when  the  blastoderm  may  bi>  ewn  floating  upward, 
as  it  always  does.  It  xhuuld  hv  well  L'xnniinud  in  position, 
using  a  hand  lens,  though  this  is  not  ussential  to  gelling  s  fair 
knuwlcdge;  in  fact,  if  the  examination  g<ieB  no  furtlwr  than 
the  mik<>d-eyit  appearances  of  a  dozen  eggn,  selectinjif  one  every 
twi'iity-f<)nr  hours  during  incubation,  when  opened  and  the 
shell  and  nK-mbnini>!*  W(-ll  ck-nrdl  away,  «nch  a  knowledge  will 
be  supplied  as  can  bu  obtained  fi-ora  no  books  or  lecturoH  how- 
ever good.  It  will  be,  of  course,  understood  that  tht-  f^tudcnt 
approaches  these  examinations  with  some  ideas  gained  fn>m 
plates  and  pre\'ious  reading.  The  latter  will  furnish  a  sort  of 
biological  jiabuluni  on  which  hf  may  feed  till  he  can  fumiRh 
for  hiniMitf  a  niori>  natural  and  Iht-refore  moi-e  healthful  one, 
Whik'  ihuse  remarks  apply  with  a  certain  dugree  of  forc«  to  all 
the  dcpartmeut;«  of  physiology,  they  nrv  of  sjiecial  importance 
to  aid  the  constructive  faculty  in  building  up  corrwl  notions 
of  the  successive  rapid  transformations  that  occur  in  the  de- 
velopment of  a  bird  or  mammal, 

Fig.  103  shows  the  embryo  of  the  bird  at  a  very  enrly 
period,  when  alrwuly.  liowover.  some  of  the  main  outlines  of 
structureare  marked  out.  Devcdopment  in  the  fowl  is  .^o  mpid 
tttftt  a  few  days  suflice  to  outliuL*  all  the  jirincipal  organs  of 
the  body.  lu  the  mammal  the  proci-iss  is  slower,  but  in  the 
main  takes  place  in  the  same  fashion. 

As  the  result  of  long  and  patient  observation,  it  is  now  set- 
tled that  all  the  parts  of  the  mtk*t  complicated  organism  arise 
from  the  three-layered  blastoderm  previously  figured:  every 
part  may  be  traced  back  as  arising  in  one  or  other  of  these  Iny- 
eP9  of  cells — t he  epiblasl.mesoblast, or  hypoblast.    It  fretiuently 
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lappims  thill  ftn  orgiiii  is  ni/ulo  up  of  cells  derivpit  fmin  more 
thaa  uuu  luj'L-r.  Struolun.«i  iiuty,  tu:<;(mliiig1y,  ]w  clus.sitiod  oft 
epiblastir,  meiiuljlafitic,  ur  liypublu^ 
tic ;  for,  when  two  strata  of  cells 
unito  in  tiio  fonuntioii  of  any  pnH, 
ooe  is  ulwnys  of  iiubonlinute  imi>or- 
tancu  to  the  other :  thiix  tlit!  digoativo 
organs  art>  madi<  up  of  mi'soblasl  aa 
well  as  h>-pob]ast,  but  the  latter 
QRAtitut^s  the  essential  secreting 
11  mechniiism.  As  already  indi- 
cated, the  puibp^'onio  moiubranea 
ai-e  also  derived  fruta  thu  some 
source. 

Tlio  rin'bht.ff  Kivca  risy  ta  the  skin 
aud  its  appt^udaguH  (hair,  nails,  fwith- 
en,  etc.),  tlie  whole  of  the  nervouR 
system,  and  the  chief  jiarts  of  the  or- 
gans of  Hjiecial  .tense. 

The  mesoMoM  origiiuiti-9t  tlio  skel- 
eton, all  forms  of  coniiuctive  tissue, 
including  the  framework  of  glands, 
the  muscles,  and  the  epithelial  (on- 
dothelial)  structures  covering  HoroUB 
membrnnos, 

Th(»  hyjmbltmt  fiiraishi>s  thu  sv- 
creting  cells  of  the  digestive  tract 
and  its  appendages — as  the  liver  and 
panci-eat — the  lining  epithelium  of 
the  lungs,  and  tho  cells  of  the  soeret- 
ing  mucous  raembnuics  of  their 
framework  of  bronchiiil  tubes. 

It  in  ditlii^ult  to  overrate  the  im- 
portance of  thi«u  morphological  gon- 
oralizatioDs  for  tho  physiologist ;  for, 
onco  tht*  origin  of  an  organ  is  known, 
its  function  and  physiological  rela- 
tions generally  may  }>e  preilicteti  with 
considerable  certainty.  We  shall  en- 
deavor to  make  this  prominent  in  the  future  chapters  of  this 
work. 

Bi'ing  projMiri^l  with  these  generalizations,  we  continue  our 
study  of  the  d«velapment  of  the  bird's  embryo.    Before  the  end 


Flo 


1IE1  -tiiibi'jii  fM»i:inim  taac, 
u(  niHiiiI  Iwi-ril)'  f.iilr  lliiurs  MMl 
rmni  nlu.i..  I  I  HU  Ilnild'ili, 
iin»r  K'^Hlti-r  I     .Mr..   111. I.  p.    i.r 

Ibc  iiroiTiilTjin  Titlili  III  I 

oTilw  (itiifl'btnln  :   /'■    f' ii' '' 

hm-ftk  ;  /','.  iHvrlribl  sow  ^  iif. 
ihwfiTlur  (xprtiitri  nf  h  Jilfly-.-piN-ci 
iitfurnJiriM'i- :  ?.'/'.  unl.'rtnrjisrt 
or  arum]  f7\>oTr  ;  A'lr,  Dpunl 
rtltt"  ;  .v(j,  u-iiiik  loui'.  !■.«/.  mi- 
iwW  BriiNiip'l.f.ilil .  I'f',  viinrlor 
iltnliLllrii]  *]Enj<  hliLtuhiK  IlirDturh 
UiE  liliwI-'-li-rm.  Ill^  illvHi-*  HID 
tfnibr^ >j]iJL-  fuiliciK'Ui  itiTir  a  ota- 
fral    ln-nk-*om',  mihI  a   pair  of 
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of  11)0  AntI  twonty-foiu-  linut-Attucli  at)  appearance  Mtbnt 
SwiiIikI  in  Fig.  lO'l  'm  prtuoiit^l. 


rin.  104— Tram  wrv  nrrtlon  IhmiiKh  U><>  mnliillan  (tw""  oik)  tiBtt  llir  ritnaiaxlivni  «l  k 
clili-kiit  vlKlitfrii  luHintirvatrrfl'ir]  linirinin.  JV:pplhlitrt  ;  JK.  mnuhliiM  ;  //.  IiypoUlKi 
tuf,  mmliiUiuy  (otd  ;  My,  iiiFdullarx  i^nmvr :  lA,  DMochonl. 

TIi«  nioimrlK  of  cells  forming  t\w  medullary  folds  are  seen 
comiug  iu  coutact  to  Curm  the  medulUiry  {neural)  canal. 


no.  105.— moiTMW  MeUOB  of  ambryo  chii-k  ni  imuI  .'I  dm  iIh)-  inflir  K.'itMkiir).  M,  muter 
blaB;  IT,  knieUa«:  n,  iti«)uIU»^pliii><:  K.  rpiitta*!  -.  mg.  ini'iiiillniy  cni'tr:  li/,  mo- 
rinlbty  (cdif;  ak  abarda  domllt :  JP,  inMoirrtcliral  plate ;  dm.  diTiaiciD  of  mmoblMt 

TIm?  nolorhonJ,  marking  out  the  future  bony  axis  of  the 
body,  may  also  bu  soen  during  the  first  day  as  a  wi-ll-inarked 
linear  extension,  just  beneath  the  medullary  groove,    Tbucloav- 


FM.  108.— Tnuisvitnr  afvUiiu  of  clilok  At  nnrl  nt  intonil  day  (KSUlkcrl.  K.  ifflilMt !  H.  turpo- 
lilaai :  r,  n.  (>x1>mal  platr  i^  iiiiunililiun  .liiMintflcInaiiuin  iif  iiii'sciljliun  :  m.f.  mMliinarv 
(old  :  UN.  II,  mrdulltrf  tro--nv  :  no.  ounn  ;  n,  filpiimnntllooval  oavllj' :  /•,  iirntnwnetitml 

>ge  of  the  mesoblast,  resulting  in  the  coniuiencumL-nl  of  the 
formation  of  somalopUure  (body-fold)  find  the  splaiirlinuiiieiire 
(risceral  fold),ia  also  an  early  and  imiK>rtaiil  evuut.  Tlit'segive 
rise  lietween  thom  lo  the  pleuro-perilnnFnl  carUij.  The  portions 
of  mesoblaAt  nearest  the  neural  canal  form  masses  {verffbrat 
plates)  <listinct  from   the   thinner   outer   ones   (tateral  plates). 
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The  A-ertobral  plat««,  wLen  distinctly  nmrkptl  off,  as  reprt^ 
»enteit  in  the  figun*,  are  Ifnm'fl  tlie  prntovrrli'linr  {niFsdblnsfic 
nomiles},  aud  repn»ont  the  futur»  vortobrip  and  tlip  volniiUiry 
musrte!)  of  the  trunk;  tho  former  ariKiog  fmiu  tho  inner  sub- 
divisions, and  tho  Inttvr  from 
the  onU'P  {muwIf-pItUrn).  It 
will  bo  uttdonbXK]  tlmt  tho  pro- 
tovttrtobros  are  thu  rtwultit  of 
trunsvOTM  division  of  tho  col- 
umns of  nie>tot>tadt  that  fomiwd 
the  v^rtebml  platea 

Before  the  permanent  verte- 
bra; are  formed,  a  rennioii  of 
the  original  iimtovei-tehne  takes 
plaooiLsonecnrtiluginonstpilhLr, 
followutl  by  a  now  iK'gmi-iitiitiou 
midway  bulwwen  the  original 
divisions. 

It  tJiuB  appears  that  a  large 
number  of  structuree  either  ai> 
pear  or  arw  clearly  outlini'il  dnr- 
iug  till.*  finit  day  of  iiii'ubatimi: 
the  primitive  streak,  priniilivo 
groove,  medullary  plates  and 
groove,  the  neural  canal,  the 
head-fold,  the  cleavage  of  the 
mesoblast,  the  protx>vertehrte,  Fia.  m 
with  trac««  of  the  amnion  and 
nn-«  opiica. 

During  the  ttecond  day  near- 
ly all  tho  remaining  important 
Btmctures  of  the  chick  are 
marked  out,  while  thf)»e  that 
orow  during  the  first  day  have  progressed.  Thus,  the  Hu'dtillary 
foldflclo(«e:  there  is  an  incivnw.-  in  tho  number  of  protoverte- 
bno ;  the  formation  of  a  tubular  heart  and  the  great  1)lood-ves- 
sels ;  the  apiK'nranco  of  the  Wolffian  duct ;  the  progress  of  the 
head  region;  the  appearance  of  the  three  cerebral  vesicles  al 
the  anterior  extremity  of  the  neural  canal;  the  subdivision  of 
the  first  cerebral  vesicle  into  the  optic  vesicles  and  the  begin- 
nings of  the  cerebrnm;  tlie  auditory  pit  arising  in  the  third 
cerebral  vesicle  (hiiul-brain);  cranial  flexure  commencee;  both 
heail  and  tail  folds  become  more  distinct ;  the  heart  is  not  only 


Eiiihrrn  nr  rlilck.  bnwiwn  rlilrty 
4nil  ihinjtii  liciLin,  vlr*«il  from  iibnvt 
aaaii  <i|>ii(|<i'-oliJe'el  iKcaWranllUltaiir). 

('.  b,  furrltruLik  ;  m.   ^,  inEdlinlu  :  h.  o, 

uiKlUitrj-  |ilf :  n  /,  v(i>-|jtri<>  vi»tii ;  /».  f, 
Im'Withlflalli'  vitnitr  -  "t  /,  Uric  '*r  fiiuc* 
lion  of  nintiilliuy  ft'>Mi  nrmvi'  riinf ull&rr 

fiild  :  p.  r,  rvnijutui  of  pHtii^liiv  iiTuova : 
a.  F^  um  iirlJiiL'kU. 
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formeil,  but  its  curvature  lM>oomo!<  moni  mnrlctHl  and  rufiimcnts 
of  nurlclcs  ni-i»^-;  wliilo  oiit^^iik*  the  emljryn  itrtdlf  Iho  ciroula- 
tioQ  of  the  yolkiuK'  is  etitubli^hcil,  tho  iilluuloix  urigiuati-s,  and 
the  amnioa  uiuk^'s  nvjnd  proftfrut^. 

It  may  be  noliwd  that  thu  con-ljral  vesicles,  the  optic  vesi- 
cles, aud  the  auditory  pit  aro  all  derived  from  the  epiblastic 
accumulations  which  occur  in  the  anterior  extremity  of  the 
embryo ;  and  their  early  appearauce  is  prophetic  of  their  physi- 
ological importance. 

The  iK'Art,  too,  »o  essential  for  the  nutrition  of  tho  embt^-o, 
by  distributing  a  constant  blood-stream,  is  early  formed,  and 


■'■iiliiic  uiiili<r  lurfaiT  ot  an  cmbQO  laUblt  of  nine  dftfii  mnd  thfM 
rtiinx  •  I i-v-ii ■■<Kii.nl  tif  ilj<>  lii'sn  iMtur  Allan  Thommia}.   JCvlaw  at  im 
-.,  j;  If.  niiFuldrvHloutllDvoltlii-lH-iu'Iut  A:C,laHriU«oorUi*dn«lDpn«Bt 
:  h  h.  ununlwd  twvt ;  a  a,  ■orM  i  i-v.  tIu-IUw  lelna. 

becomes  functionally  active.  It  urises  buuLtatli  the  hind-i'ud  of 
the  fore-RUt,  at  the  point  of  divergence  of  the  folds  of  the 
B|»lanchnopieure.  and  so  lies  within  the  pleuro-peritoneal  cav- 
ity, and  is  derived  from  tho  niesoblast.  At  the  heginning  the 
heart  conitists  of  two  ttulid  colnmns  ununited  in  front  at  (ii-st; 
later,  thi'se  fum-.  in  part,  so  that  they  have  been  compared  with 
an  invertvd  Y,  in  which  the  heart  itself  would  correspond  to  tho 
lower  sk-m  of  the  letter  (a)  and  tho  great  veins  (vitolliiie>  to  it« 
main  limbit.  The  solid  cords  of  mesoblnst  become  holluw  prior 
to  their  voak'sceuce,  when  the  two  tubc^  become  one. 
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Tho  ontiro  blor»]-vft»(CuInr  eystcui  ori^n(iU-»  in  thu  mtwotilast 
of  tho  art-a  opaou  v8|wuially ;  at  Qr»t  uppoarm^  iu  bolBtud  spots 
wliich  come  togetlii>r  as  actual  vesti@]8  are  formed.  The  student 
who  will  ]»ursue  the  plan  of  examinins  a  sories  of  incubating 
eggs  will  be  Htruck  with  the  early  riso  ftud  rauid  progivss  of  tlio 
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Pn.  MMl— Obtch  M  IhH  du.  wan  frem  bCDMIh  a*  m  lr>n>|«n'nt  <ib]rrt.  thi*  tira'l  Mn« 
uraad  to  «aa  ma  ifonrt  •ml  B»ir«or),  a:  tKte  •uinloii :  a.  uuujoa ;  rll.  ovrrbml 
honlqilwn:  TO.  HB,  BB,  uilcrlur.  inhMle.  mil  poaUirlKr  vsrabral  vi«li'm.  OP.  apOe 
ndrlf ;  ut.  MidllniT  vnh'lr-  -  <>/i-,  iniiiihalo-iii'aniiiarli-  iMoa :  III,  timrl :  A".  Iiulliw  arts' 
Hoon:  e*.  iuiuiphi)ril ;  (i/n,  .mnihnli>-mwpnl<«p  »ni'rl« ;  /V,  proUnertcbriF ;  a,  poliil  of 
iliiM|uu«a  or  Uu  BpliuicbDuiiJ'-unL]  f (tldfl ;  ir.  ti^iniLiuEJon  of  Uic  torrgut,  i\ 

vascular  s}-«toni  of  tho  L>mbryo.  which  taheit,  when  complete, 
such  a  form  aa  is  reprei>ented  diagi-amatically  iu  Fit;.  "S- 

The  hlood  and  the  blood-reasels  aritie  t^imiiltaneuiisly  from 
tbecellaof  the  meLRoblast  by  ont^frowths  of  nuclear  prolifera^ 
tion,  and  in  the  case  of  veaseU  iV\g.  147)  extension  of  procesttes, 
fusion,  and  ozcavatlon. 

The  fore-gid  is  forruoi]  by  the  union  of  the  folds  of  the 
sphuK'hnoplvure  from  Ifvforo  backward,  and  thv  hind-gut  in  a 
simihir  mannur  by  fusion  from  behind  forward. 
7 
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Tlio  oxcretory  aystom  la  also  foreshadowed  at  an  early  pe- 
riod by  the  Wolffian  duct  (Fig.  114),  a  mass  of  mesoblast  cells 
near  which  th«  clea^-aRe  of  the  niesobla.it  takes  place. 


TlO.  1 10.— DlAKroni  at  tliB  lii>an  b>i<1  jiHuoiiiiil  nrurliia  ot  Ihr  fhlrk  iljiiain),  A  rn>nwnli  ftu 
«wllpr,  knd  UviA  C  biler  nUicn  1. 1.  □inphal'i-nii.wnErrip  vrlui:  V.  niirielir;  A.  rsnUlulF: 
t, ooKle bulb  I  D. ft.  pttmlun) MirUe  1  a,a.oinplialo.m«eiil(rtuutorlw;  A,iiiMedaonm. 

During  the  letter  part  of  tlio  second  day  the  vascular  syatem, 
including  the  heart,  makes  great  pro^e^s.    The  latter,  in  <x)n- 


Fm.  111.— Dbwramaiallf!  oiulluni  oC  Uuifiuly  «rtert*l  ^yMamoT  Ihanuumual  verUibMt"  «m- 
toyoiATm  AII<-ii  TIkiiiih^ii I,  A  AI  ■  [i-DiKl  rarrwiinnilliiit  t'l  llm  thln]r.iililli  <ir  thlrtr- 
•Ishlh  bour  of  liinilini  l<  >n  Ii.  t^rpr  ntutk.;  wtth  lim  |islra  ot  aortio  arebcn  h,  bulbui 
UWrlnnMnf  limri  i  I,  TUrllliii' nrUirlts:  I  S,  the  atjrUc  vcbia.  Tbc  dotlAl  lla«  lodlCAEn 
Uk  poilllon  of  ibc  fuiiin.-  uii^iv. 

HBtjueiice  of  excessive  growth  and  the  alteration  of  the  relative 
position  of  other  parte,  becomes  bent  upon  itself,  so  that  it 
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pTVScnts  ft  curve  to  tlie  riKht  which  ropromnt;!  the  vpiiohr  part 
ttnd  Olio  to  tho  left,  an»weriiig  to  the  arterial.  The  ruUimcuts 
uf  the  aariclos  al#j  are  to  be  seen. 

The  wrturiftl  system  is  rp]irflSPiiteci  ftt  this  staye  by  tho  ex- 
pandcHl  portion  of  thw  )ivart  kiniwii  as  the  bulhus  arteriosus, 
and  two  exteneiomt  from  it,  the  nortio, 
which  imitinn  ahove  the  alimentary 
canal,  form  a  single  posterior  or  tlursal 
aorta.  From  these  great  arterial  ves- 
sels the  lesser  ones  arise,  and  by  sub- 
division constitute  that  great  mesh- 
work  reproMentod  diHgriuumatically  in 
Fig)«.  US,  II 3,  from  M-hicb  tho  course  of 
the  circulation  may  be  gathered,  The 
beating  of  the  heart  comineiici's  ho- 
foro  the  corpuiicleij  have  become  nu- 
merous, and  while  the  tubular  systf^ra, 
through  which  the  blood  is  to  bo 
driven,  is  still  very  incomplete. 

The  events  of  the  third  «hiy  are  of 
the  nature  of  the  extension  of  [mrts 
already  marked  out  rather  tliuu  the 
formation  of  entirely  new  ones.  Th« 
following  are  the  princit>al  changes: 
The  bending  of  the  head -end  down- 
ward (cranial  flexure) ;  the  turning  of 
the  embryo  m  that  it  lies  ou  its  left 
ndu:  the  compWtion  of  the  vitelline 
circulation:  the  increase  in  tlie  curva- 
ture of  the  heart  and  itx  complexity 
of  etnicture  by  divistomi ;  the  appear- 
ance of  additional  aortic  arches  and 
of  the  cardinal  veins;  the  formation 
of  four  visceral  clefts  and  live  vis- 
ceral arches;  a  series  of  progressive 
changes  in  the  organs  of  the  special 
senses,  siiph  iw  the  formation  of  the 
[ens  uf  the  eye  and  a  secondary  optic 
wsiclo;  the  closing  in  of  the  optic 
vceiclo;  and  the  formation  of  the  na- 
sal pits.  In  the  region  of  the  future  brain,  the  vesicles  of  the 
cerebral  hemispheres  l>econie  distinct;  the  hind-brain  separates 
into  cerebellum  and  me<lul)a  oblongata;  the  nerves,  both  cra- 


FUL  1L2  -IMnffrojn  t^t  tbp  ciribry- 
ooIl'  vaitHliip  •yirl4'iii  iWlwili-r- 
■hf^lmt  1%,  iLlrhjttL  -.  A  A.  <ikir- 
nU  nnrOi  :  Ab.  bntnrliUI  nr* 
iii-l*  :  At'il,  muctal  ani-ry  ;  .1'^. 
aUttiitoli--  tliypogiuhirlfi  niti-r. 
If*  :  ^ni,  vllvlllni'  nrtiTki ;  H. 
(iittlitj*  nrNrlivtiiH  ;  r,  r,'  <'il#^ 
nfti  nnil  Intrmnl  iMrciilrlc  /j. 
c1iit'tii*L1]Tltr[ij>rvcavik[ii-iu) ; 
K«ii-riiiil  llliiL-nrwrliM:  H.  C. 
Imnl.'rliir  i\%njltml  xriia  ;  U, 
cnmrnnn  llt»^  »pi-ili»i  ;  K  I.. 
iflll  cLf  rm :  K.  A.  rielii  iind  Irfi 
ruoiH  or  ilir  AH^Ttd  ;  S'.  :4', 
lirmtirlilnl  cnU-'L'rinic  Iniiaka  i-r 

Sh'.  HutK'ljiTlikn  TT-lii ;  -•a.  %lllll« 
iVDtwut;  I',  vfnfrk'k' ;  V'C.nti' 
iptU-t  i-nnUnaJ  vuiii ;  Vm,  vi[«-l. 
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nifti  and  spinal,  Imd  out  from  tlio  nfrvous  contors.  Thv  al!- 
nipntiii-y  cmml  enlarges,  a  fore-^ut  and  hiud-jpil  being  fonutHl, 
tho  former  bi*ing  divided  into  isaophaKua,  stomach,  and  duude- 


XT.i 


AA^ 


Z^ 


/AT. 


lV. 


kJft 


V.  ^ 


,^ 


_r\r 


sv.J 


^S^^ 


BJlf." 


n.r^.A.' 


ar? 


hjof. 


Fin.  til— Diasrun  of  clrculnUoB  of  ydk-mc  at  mi  of  UlM  dny  <FoMi'r  luid  Halfouri 
Bluloilpnii  m«n  fnilii  lH»lc)i*r  Arl^ri^it  iimclr  blaok,  H.  Iimrt;  AA.  w^niQ*!.  UilnL  wirl 
^JU^ttl  niiMJo  ■ri'lii-^  Ai'.  .Inmil  a™in:  t  'I/,  ,1.  (rfi  vit>'tltii<t  nit^rj- :  «.  'V  *(,  rtahl 
HTrlllM  ar«tr7  ;  s.  T.  ulnun  U'nulnnJlH :  L  <>f.  li-fl  Tlli'ltln.-  i.-ln  :  K  ()/,  lii(hl  tIwIIIdf 
rria:  s.  I',  iluui  i^qmui  :  D.  V.  ituclus  CuTluri  1  S,  Co.  V,  superlot  ouolliBror  JukuIw 
vfin :  K.  CU.  iDfDrUo'  utnlltuti  vtan, 

num;  the  laltiM- into  the  largp  intestine  and  the  rloaca.  The 
lungs  arise  from  the  alimentary  canal  in  front  of  tht*  stomach ; 
from  similar  diverticula  from  the  duodenum,  tho  liver  and 
|)ancrivi»  orittinaUt.  Clinni.'w  in  the  prolovertohra-  and  muscle- 
plutii)  oontintiL',  \vhi]i<  thi.-  VVolllinn  liodie^  are  formed  and  tho 
Wolllinu  duct  modifivd. 

Up  to  the  third  day  thi'  emhryo  lies  mouth  downward,  hnl 
now  it  ttmiea  to  lie  on  its  loft  side,  Si'o  Fip.  100  with  tho  ac- 
i-ompanying  doscription,  it  ln>ing  borne  in  mind  that  the  view  is 
from  below,  so  that  Ihtf  right  in  the  cut  is  the  left  in  the  em- 
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I.  ttl-^lViuMv^nw  ■wlkn  Uirauth  hunbar  r)cl'>'> "'  ■»  pnihrrn  tt  oii'l  -it  fminli  itnf  ffnt- 
<iw  Mul  Rklloiirl  rtf,  Miml  iwial ;  pr,  imMprlr-t  rcni  iif  niiinal  nrn:'-  uitli  KniuTll"!) : 
■r.  aMrrli*  nni. :  .4  0.  C  uittEnor  psy  mluinn  ■-}{  iplnu)  oriM  :  .1  ii'.  '',  niiti-rliir  uhite 
cnluBUi  In  uounk? of  foniiArJoii :  pii.^,  niutc1c--]j1at.t,  r^,  infiiH^ljnrpl :  14'. /»'.  Wniniiui 'i^ltfi'; 
^(^  lloml  ■•  irU  :    •    c  '1  |.  ii.trni  T  LTHilluol  vmn.  ir.  r*.  W.ilmmi  .ln.l  :  ir  r.,  W.ptmno 

nnUfT  niwl :   M.p-<itainm-^mii  m-'m-M-'rj-.   S'f.  ■omiiMplriio? ;  S/'.  i|ilnnctiin.ipLL'iin> : 

I .  Iilattl  twill ;  uj>,  plmrnprrKunrnl  molly. 
Urn  lit-— DUcmn  o*  porllon  ot  dlKtMivc  iriM  ot  rtiiok  on  f.mtih  Jin  mfwr  CWlifi.    Ttio 

hUt4  Ub*  mi'i'")'*  hyiKililMI :  >lui  thiblnl  p-inli'Ti.  ni-iuililiwt ;  Iv.  Imm  riirmiiiihini. 

viwndliijc  *l  )^*'JB  liif'j  prlmiVT  liinr  nv^i^to  :  ml.  iiii»ni4i^h  :  '.  Iiri.r ;  f-  iviiirTr&». 
ria  IH  — llMiti-tclilol:  'it  llilnl  'Inr.  «*'«i«1  •l.l.-u  (■■  m  n  irDi»p«r.-ni  'iM.vi  (llii.iU-v^    la, 

ccmoBl  lHaili(|ilH**a :  rn.  T»iclr  "t  IMH  mrtrlflr  :  II.  mill  iiraiu  l  111.  bsuilliriifn :  a, 

tfltCTCKklE  :  <r.  BaaUjiIt:  A.oli-  ii^li-lr-:  d.  Inrumllbulum  ;  r.  pluiwl  I»iIt:  k.nDTaehanI; 

V,  flOh  uvib;  VIL  (■■mill  iimi. :  VIIL  unlled  cluMUiilittryuirniLl  ami  pntuiuucMlrta 

1. 1. 1,  (.  a.  aw  ii>«  YUtMni  r^id^ 
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bryo  itself.  Fig.  IH  gives  appivtnma's  furiiishL<d  by  a  vortical 
tnuiBverse  section.  The  relatiuiis  i>f  tlio  jmrls  ot  tliL*  digL-stivo 
triu-l  mill  the  mcxle  of  origin  uf  tlu>  lungH  may  bo  loarued  from 
Fig.  114. 


r.B. 


C.U..J 


■lO. 


ria.  117— HMd of  tfhlPlc  of  ftJiinh du,  rlewpil  fmin  tvlnv  u  an  opiuiue  object  iFonur  and 
Bolfourr,  Tltf^  Dpck  iiciii  niMv^  M(im.*ii  Uilr\l  nnil  fourtU  vixiwrm  fnlilL  C.  H.  orrr^LrsI 
livi»l>-|>lian«  ;  F.  F,  ir«lu)>  of  Uilrd  nrnlrtels :  IV-  ajvbaU :  nf.  nmto-trattM  imnnn  :  m. 
nivir;  .-.r iiiiHith  :  -v  in.  kiiinrliir iiioiIUary  (iracaia at  F.l.thr  nm  Tlwvrk) Inlil  iiiiaTiiJIbu- 
Inr  ttrthi ;  I',  i.  V,  K,  wvi>iul  aud  tblri]  *bu*ral  arclua ;  .V,  nw4l  pIL 

An  examinatiun  of  the  figures  and  subjoined  descriptions 
must  s^Ulice  to  convey  a  fteneral  notion  of  tho  subsequent  prog- 


W, 


if.. 


M.U. 


w.. 


Ml: 


y.a. 


-iTH. 


-  tlu. 


'l\ 


th. 


^. 


'IIJ^ 


^^_ 


fia.  Il*t— Rmhrro  n(  nul  nf  fcnirlli  iIb]'.  on-ii  ih  n  tinn*|>nn-ni  iibJiti<1'">tTuiil  Bairour). 
CIL  c^rrrfyni  htrmliiiiliiTi- :  f\  H.  fiin-l>tniii.  or  vt-«leli-  nl  IWnl  i-mtricic  nllolllnlPO^>c[lh■• 
loTlt.  w(Mi  inrivn]  Lfliiriil  l^^.  I  pr-ijf<^'i|n{2  ;  it.  U.  rriJ4l-hfniJi ;  Cft,  t'^n-tielliiTn  :  /!'.('.  fourth 
mauk-li- :  /,  lr>ii»  ;  Mi,  .•Imrniil  ulii  -  i\a  >.  nmlliur)  imlcV  ;  >"i.  ■uttrlM'  iiuxlllnry 
nrvi^iu;  If,  zi-\  i»w,.  fir.1.  *<t\>nil. i-tt"..  il*crol  foLU;  1",  l\U\t  iii-rn-;  r/?,  wwnEh nvrri* : 
W-  /'''.  iiln«»i*nhi"7"nir'Ml  nt-i'tv  :  /v.  I'li^'unn-'ifutrk-.  T^iv  4)iFrtr>*iiiii"[i  *'f  (hMn*  nrrm  la 
klK>  liiJIonlnl :  fit.  wiUfAwtA  ;  J/r  hi-An  .  Mf.  luiiwli'  [ilaia  -  II'.  >iIde  :  //.  /..  hldil  UmlL 
TtuwiinlDu  luu  Ikvu  »iu»n-d.    ^i.  dlLint-iU  (irultulluit  th-ui  viii  riiiloF  tanuilciMlk  S5. 
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rMS  of  tlio  ombrya  Special  points  will  bv  coiixiilurctl,  (lithor  in 
•  scparatv  chjtptor  now,  or  (lofurrixl  fur  tn.iutniuQt  iii  thu  body 
or  Uiv  work  from  tinx.'  to  time,  as  they  suuui  to  throw  light 
apoD  tho  itubjuct^  uudur  discuwion. 


DEVELOPMENT 


OF    THE    V.\SCULiVR  SYSTEM   IN   VERTE- 
BRATES. 


» 


This  subject  has  been  iiicideiitally  cousidered,  but  it  is  of 
rach  importance  morphological,  physiologica],  and  pathological, 
u  to  deserve  special  treatment. 

In  the  earliest  stagat  of  Iho  circulation  of  a  vertebrate  the 
arterial  system  is  made  up  of  a  pair  of  arteries  derived  from  the 
single  hulbti.^  aritriusus  of  the  heart,  which,  after  passing  tor- 
irartl.  bmds  round  to  thodorml  side  of  the  phar>'iix, each  giving 
off  at  right  angles  to  the  yolk-sac  a  vilcllinc  artery ;  the  aortfe 
unite  dorsally,  then  again  separate  and  becume  lost  in  the  pos- 
terior  end  of  the  innbryo.  The  so-callod  arches  of  the  aorta 
are  large  bnoiches  in  the  anterior  end  of  the  embryo  derived 
from  the  aorta  itself. 

The  venous  system  corresponding  to  the  above  is  composed 
of  anteriornnd  posterior  pairs  of  longitudirml  (cardinal)  veins, 
the  funner  (jugular,  cardinal)  uniting  with  the  pusturior  to 
form  a  common  trunk  (i/hWim  Cuirieri)  by  which  tho  venous 
blood  is  rolnniud  to  the  ht-art,  Tlie  blood  from  the  posterior 
part  of  the  yidk-sac  is  colk-cted  by  the  viUHine  veins,  which 
lerminatft  in  (he  median  -vi/m/.n  vtuostis. 

The  Later  Btagea  of  the  PoBtal  CircnlatiOB.— Corresponding  to 
the  number  of  visic^ral  arches  five  pairs  of  aortic  arches  arise ; 
but  they  do  not  exist  together,  the  first  two  having  undergone 
more  or  Iwts  complete  ntruphy  before  the  othiTH  appmr.  Figa. 
119,  180  convey  an  idea  of  liuw  the  [wruianent  forms  (indicated 
by  darker  shading)  stand  relatvd  to  the  entire  system  of  vussids 
in  rlift'i'rent  groups  of  animals.  Thus,  in  birds  the  right  (fourth) 
oortic  arch  only  remains  in  connection  with  the  aorta,  the  left 
forming  the  subclavian  artery,  whiln  the  reverse  occurs  in  mam- 
aalH.    The  lifth  arch  (pulmonary)  always  supplies  the  lungs. 

The  armngemi'Ut  ef  the  principal  vessels  In  the  bird,  mam- 
toal,  etc..  is  represented  on  pa^e  104.  In  mammals  the  two 
])rimitive  anterior  abdominal  {nitarttoi'')  veins  develop  early 
wd  uuilu  in  fr-tnt  with  the  vitelline;  but  the  right  allantoic 
in  and  the  right  vitelline  vviaa  soou  lUsiippear.  whik>  the  long 
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common  trunk  of  the  allantoic  »nd  vitelline  veins  (ductus  vemo- 
atts)  paflflea  through  the  liver,  where  it  is  said  the  ductus  veuo- 


I. 


3. 


O 


S/,'   I*= 


I'A 


X 


a|rf 

VW.  119.-  Dlurruiii  of  ilii'  BfirU^  orchni  of  duudiiuI  il^nrli-ili  anil  Slirlliii;.  urittr  Kalhlvl. 
I,  ArtB^TMl  trTmk  viih  "m-  t>uir  <•!  i&rctiH^  Bixl  ui  tiuhtvtlnii  whi'Ti-  llip  mnfU'l  nnif  T-bIrd 

t«l»  will  imi'l<i|i.  tt  Ii1f*I »liu(>" i>t  iVir  cninjilrk- iinliiw  ;  ilip  (ourtb  cli-fi» nt*  ihoon  na 
br  left  (Mr-.  S  ThF  IwniuiCrHlir  pftlnor  vrhiii  luiii^  illwirirainl,  I.  Tmiullloii  bi  Uii- 
fliul  tiAief-  -4-  Borllc  &[vh  :  ad^  lUmal  ootid  j  ii.r,  loibolaviaii  ur  nxillftry  nrc^rj  ;  0«  oi^ 
Ivnuil  coriitiil :  Ci.  iniArunl  ivrociil :  <in.  ilui'tiu  srtcrliHuii  BiiUlU :  f,  ptAnHinarr  tairij : 

siis  gives  off  and  receives  liraiiches.  The  dticti)^  vonosus  Aran- 
tii  perfiiiit!^  tliroiighoiit  life.  (Compare  the  various  figures  illus- 
trating the  oirculatioii.) 


•--f  —  i 


^^  ■  ^ 


no,  UDL-^Dfiucnun  [lluairntlnif  irAimfiiruutUoni  of  onrtEc  arclm  In  a  li^j^>  A  :  ■  VDOlrrv  B ; 
•  hinl,  C  ;  «  iiiaminnl,  l>.  i^im-u  fr^iin  Ih^Utw,  iTU*lrl'^m.  afifT  RAthkei  d,  [nirnuU  <-nm- 
tid;  A.  ri:t4-rnAl  c«ivttii1  -  r.  oomiiLnn  ririttl'L  A.  it.  itiiinij*  EiciiAlli  liutHiH-ii  ilir  Lhinl  nmi 
fourth  nrcbr^;  f.  ri^^it  aorllo  nrrU  :  f.  wihi.'Uvln."  -  «,  i^nnml  aorta  ;  h^  Wt  imrtk'  nrch  ; 
i.  pnhiioiuiry  artery  :  A,  rTnllHu-fjr  of  tniMiiir-ni- TT-i('.ili  T  - "■■  [mlriioniiry  arivry  tkaA 


thi>  Aortir  nrx'h^     It    tl.  ri*;!i1    n-iHl-- 
pulmiinaJT- Arti<ry  -  t,  iliii-Iim  lliiTnJIi  n^ 

itottrut  ikrvU  cif  thr  U-t\  itui--\ :  «.  ]miU,,,,i 

dfn^hX  matin*:  /  cIoThU  4<jrtA  ,  i>h  U'fE 


r.. 


ila  .  *.  fiiiirlU  nrch  <rf 

nil  JkrL.'h<>f  Uit  U-n  nJiSr  fraoe of 
if.  Wl  Ruliclavfaii :  I,  livllt  Alb- 


t'/U'l,J  til   b*ili-J . 

dATlsn  ifiHirtli  itrch  nf  tlin  lif^bt  titU*\ ;  k.  hirUr  vrrii'tintl  urtiTy ;  T  (^tnf^nmiii^tci  tit  ilii> 
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With  the  (levelojiniPiit  of  the  placenta  the  nUutitoic  circula- 
tion ri'iiiiftrs  the  vitt'lline  siibonlinatf ,  tlie  vitelline  ami  the  lar|[er 
mesenteric  vein  forming  the  portal.  The  portal  vein  at  a  later 
pcritxl  joins  one  of  tho  ventr-  ndi-^henlfn  of  tho  itllantoic  vein. 

At  Brst  tht>  vmm  cava  iiiforioi-  fui<i  tho  dnt'tUK  v»nu)«u»  iintor 
the  heart  us  a  commun  trunk.  Tbu  fluctus  voqusus  Arantit 
becoraee  a  small  branch  of  the  vona  cava. 

The  allantoic  vein  is  finally  represented  in  its  degenerated 
form  as  a  solid  cord  {round  lignment),  the  entii-e  venous  anp* 
ply  of  the  liver  being  derive<l  from  tho  ]ioi-tal  vi-in, 

Tlie  development  of  the  heart  has  alrtwly  Iiocn  tmowl  in  the 
fowl  up  to  a  certain  point.  In  thu  mntnmni  it«  origin  and  early 
progress  are  similar,  aiKl  its  furthur  hintory  may  be  (fathered 
from  the  fullowiug  sarios  of  representationt). 

In  the  fowl  tbt*  heart  shows  the  commencement  of  a  diWsion 
into  a  ritthl  and  left   half  on  tbe  third  day,  and   alHint  the. 
fourth  weelc  in  man,  from  which  fact  atone  wmie  idea  may  he 
gained  as  to  the  relative  rate  of  development.     Tlie  division 


Fu.  IXt, 


fte  tn. 

FiO-  ViT,— pv*«k>pniHit  >if  Ihr  hniul  In  Ihi'  huRUiri  mnbirt^  trtim  thv  Fourth  Ia  tlir  rilnh  imk. 
A.  EnnwTO  «  tnir  wrpln  i  Knillk.T,  nft«r  CiMtei.  B.  mnlcn-ir,  I"  /'••a-ilia  'Icm  uf  iM 
licjin  of  aDemfeirTOor  ilx  wrchii  iKOUfhi-r,  an^r  Eeki^i.  rr,  u|pi**r  lijnlT  .if  IruiM^  utvLly  : 
r.  bm<^  f.«i1t)r :  ^,  IMv  ln'iw\-i«u  I1ii<  viHNtra]  4<iieIh  >'f  MH^r.iiri  iLin}  ihln]  ^tiiut^liUil  arcdiMt : 
tt^  tiivitid  upiK-r  HrrUn :  J,  Utur  ;  /,  iutntttif  :  I,  ■tuiimor  wtm  iikvn  :  t\  U-U  prtipfvkir  WIS 
o*a;  r\  oprnliUE  of  Inr.-rinr  t^sin  rR\a  :  -2,  V'.  rji-fir  hr^i  u-n  uiirioK**;  ^  ^'.  rt^ht  and  Mc 
lenuliif  i  4.  aorthr  tnith. 

Tvy  Itt— Houuui  ombi^n  or  ilMnic  thm  wr<!k*iA]l>  >.  I in.    vp.  jelk-wci  nl.  aUaDlodl 

tm,  anmlon;  oc.  ■nterlor  •xumiily  ;  pe,  ptatul>^  i-j^iii^uuix. 


is  effeeti?d  by  the  outgrowth  of  a  septum  from  the  ventral  wall, 

whicli  rapidly  rwichwa  the  dorsal  side,  when  the  double  ven* 

H    tricle  thus  fonned  coniniunioates  by  a  right  ami  left  nurirulo* 

H    Ycntricular  opening  with  the  largu  and  as  yet  luidii'iiled  fturicld. 
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Later  an  iDoompletosoptuiu  formu  .siinilnr(llvti»!f>tis  fn  tho  Auri- 
cle; Ihu  api'rtum  {forajntn  ovale)  left  by  tlio  iiitpt-rfoct  gri>wlh 
of  this  n'lUI  [jursisting  throuf^hout  f<j>tiil  life. 

The  EuHloohiiLii  vulvo  aru)io<  ou  tho  dorstil  wttll  uf  tht'  right 
auricle,  iK-tweuii  Ihu  vena  cava  inferior  and  the  right  and  loft 
veaxB  c»va>  hujiBriores ;  but  in  many  mammalia,  among  which  is 
man,  tht'  left  vAim  <'ava  superior  dii^appears  during  ftetal  life. 

For  tho  present  we  may  simply  say  thnt  the  hiKbrnes  of  tho 
devt'lMpmcnt  of  tho  heart,  th<i  hlood-vee8ei«,nMd  Ihv  blcvHl  ittwlf 
are  cluiiely  rulate<l  to  vach  other,  and  to  the  nuturu  and  changes 
of  the  various  metlioda  in  which  oxygen  is  supplied  to  the  blood 
and  tissues,  or,  in  other  words,  to  the  development  of  the  reepir- 
ktory  system. 


THE  DEVELOPMENT  OF  THE  DROOENTTAL  SYSTEM. 

Without  knowing  tho  history  of  the  organs,  the  anatomical 
relations  of  parts  with  uses  so  unlike  as  reproduction  on  the  one 
hand  and  excretion  on  the  other,  can  nut  l>p  cumprehended ;  nor, 
as  will  be  shortly  made  clear,  the  fact  that  the  same  part  may 
Borvo  nt  one  time  t<i  remove  waste  mattei's  (uriue)  and  at  an- 
other the  gi'iierat i  ve  elements. 

The  vi-rtebniU'  excrL-tory  system  may  Iw  divided  into  three 
parte,  which  result  from  tho  difforentiation  of  the  primitive 
kidney  which  has  l>een  effected  during  the  slow  and  grodual 
evolution  of  vertebrate  forms : 

1.  The  head-kidiiey  { pronepkroa). 

2.  The  Woiniaii  body  (inesonephroa). 

3.  Tlio  kidney  proper,  or  viflatiephros. 
But  in  thi!<  instance,  as  in  others,  to  some  of  which  allusion 

has  nlrcvidy  been  iiiado,  these  three  i>arts  are  not  fuiiotiouul  ut 
the  6ume  time.  The  pronephros  arises  from  the  anterior  part 
of  the  segtnuiital  duct,  pronephric  duet,  duet  of  primitive  kid- 
ney, and  archinejihrie  duct,  and  in  the  fowl  is  apparent  on  the 
third  <lay;  but  tlie  pronephros  is  best  developed  in  the  ich- 
thyojwida  (fishes  and  amphibians).  A  vascular  process  from 
the  peritoneum  {glonurulus)  jii-ojects  into  a  dilated  section  of 
the  body  cavity,  wliieh  is  in  part  separated  from  the  rest  of  this 
cavity  \cieloin).  This  process,  together  nitli  the  segmental 
duct,  now  coiled,  and  certJiin  short  tubes  develoiiod  frtnii  the 
originjil  duet,  make  up  the  pronephros.  Tho  segmental  duct 
opens  at  length  into  the  cloaca. 
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Thv  mtsont-phroa  (Wolffian  Wly),  though  largoly  ^k-vt-luiK-iI 
in  all  %'ertebrateti  dnritijf  ftutal  lifv,  is  not  a  persistent  excretory 
organ  of  adult  life. 


TM.  IK— IH>Br*iii>iniiinratlnciI»vtlcipaMatnf  pronapbroalliltuitawHnBiUtoW.  oa,  aorUl 
6-  c  iMdy-Otfty :  if^  vpUoitf  wllk  lu  BpItrtctiiBl  (llalWnnd)  larpT :  hv.  li7|Ml>l*M :  n.  «. 
dlmoMHllP  aamllB :  ■».  c,  aciml  t»iikl ;  ncA.  noiochord :  $t.  1.  iiroiwphno  tubuw :  m, 
•am«il<:  ■nd  tp, ivUMhale,  auaoblMt, 

In  thB  fowl  rw.'1-iit  iiivei<;tiKfit  ion  has  shown  that  the  Vi'olfliaii 
(segmental)  lubes  uriguiaU*  from  outgrowths  of  the  WoIUiaii 


I 


-^•V^       ^^ 


Pia-IH. 


rra-lS. 


Kt.—RuiUnnKUT  rrliniUiM  kldnvy  of  pmhrronk'  <1ae.  Thr  poRirrlnr  ponton  of  (be 
k>))>  If  UHnmhrro  w  wwi  (ram  Uviviilnil  ••>)■-,  •nivitimI  Iiv  i1u>  Luii-Mlnal  Ujvrof  (be 
TT^k  KAf,  wblcb  bo*  b^n  lom  A^wr.  amV  Fhrijwn  bn^k  In  'niiil  Ita  cfrit«r  lo  Blicrw  <be  mluil- 
llw  IMtrx  dUi^M  "1th  Ihp  (irlniJIIvi-  kidney  iiif»»  i.ii  A,  primiiivi'  v<Tti-lir»:  r,  oonAl 
nnliilla  :  4I.  nuibir  Inttitbr  iwItIc  Inimclnnl  cmlty,  illdivlii'l,  aTipr  IJIruhxITi 
ft"  m  — IVUiilU«  kiilii»T  "T  a  hoiniiH  ••iiiliryu  n.  thr  iirlfiriulini  .if  tlii-  priinlllvp  kldotf; 
W,  W«mMi  tliwt :  V'  iippnr  "iiil  nt  (bi-  Inii-r  iMr'npunirn  liyilalltli;  m,  MUllrilBii  Ouct : 
randnrikflMti-rirallofilon  hrlxlil';  y,  h.-rnwiibriHlIti- (tlaml     <AniT  Kob*U.l 


duct  anil  als<j  from  nn  inti>rm<^'t)int«  cell-mass,  from  wliich  lat- 
ter tli«  Malpighiaii  budi<>«  taku  riiw*.   Tho  tubott,  at  tlr-tt  not  con- 
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nfcttcl  with  tho  duct,  filially  join  it.    This  orj^ao  is  c<tutinaoas' 
with  the  pronephroe;  in  faet.  all  thrw  (prunt-phros,  uiesone- 
])hroJ*,  and  metanephrus)  may  bo  regarded  as  l&rgely  cuntinu&* 
tii^iis  one  of  another. 

The  nirtan^pkros,  or  kidney  proper,  arisen  from  meeoblnst 
at  thu  iKJSterior  jtart  of  the  Wolffian  body.    The  ureter  ori^> 


no.  1K~8MI0D  of  Ibr  IntivinMltali^  iwll-mavi  nt  foiinli  ilay  i  VtMtr  And  Btltaar,  after  W»]. 
dc|Vr^  1  *  liVI.  'K.  mMKiilcry  ',  Lv  ■odiBlonlnirv  ;  o',  pcprtlon  of  Ih?  ffTnifnaL  «^UiaJluin 
ttvm  OtB  diirt  uf  MailiT  it  roniicil  by  UivoluUou  :  <i.  thffkmul  portlan  of  Uie  Kirmliuil 
rplUwIliiin,  III  whli-l>  till-  |irliiillivi>  iivn  C  uml  u  iui>  lyliiy :  K.  nioliRnd  inntublaiit  wUiih 
wU\  form  Iho  Armiin  <^  ilih  (.ivary  :  trjT,  Vrulfflui  Uidj ;  tf,  WoUllaD  durl, 

niLtus  tirst  from  tliv  Iiiiidrr  i)ortion  uf  the-  WoIfliMii  duel.  In 
the  fowl  tliu  kidui-y  tiibutus  bud  out  from  th«  urL-ttT  im  rumnlud 
elevations,  Tht-  iirt'tt-r  lo»os  it«  conntictiun  with  tlii'  Wolflian 
duct  and  ojtens  independently  into  the  cloaca. 

The  fuUowinH  account  will  apply  especially  to  the  higher 
vertebrates : 

The  fte)rmenta]  (archinephric)  duct  is  divided  horizontally 
into  n  dopsjil  or  Wolfiian  (mesonephric)  duct  and  a  veiitriil  or 
Mnilerlan  duct.  The  Wolffian  duct,  as  we  havo  weu,  develops 
into  both  ureter  and  kidney  prtijKT. 

To  carry  tho  subject  somewhat  further  back,  tho  epithulium 
lining  the  cadorn  at  one  region  becomes  diffen-ntiated  into  col- 
umns or  ctllH  {iji-rmina!  epilhfUum)  which  by  involution  int^ 
the  underlying  mesoblast  forms  a  tubule  extending  from  before 
backward  and  in  closo  relation  with  the  Wolffian  duct,  thua 
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forming  ttrn  Mnilcrian  duct  by  tbu  prucras  of  clenvage  oud 
separatLou  referred  to  on  pixK-'oding  pagn. 


riB,  tir.-ri<Bi[nunniMi«r*p(MpnIialnoorthnE"nlU]arfiin«(rfahiiRUa*ubtyopr»|MMlO 
■niMl  ■tMini'iuin  iAIkn  Ttioniaon i.     ir,  Vi'.tninn  bnily;  ef.  Kvonal  oord:  m,  MOIItflui 

>iiH.-i ;  ic.  WiunaM  duel ;  la.  iin>fi'iii<aj  ntinii:  tp,  cJlcarta  or  (nnlai  (.  Inhxlim    cl, 

ctoaw:  tt,  pan  (ran  vlili^h  rbek^ruimii  nr  lulila  iimjorn  «r»  J«wlop»d :  ol.  arWa  of  Hi* 
Dwanr  or  twircl*  r«pncttnly  :  r,  part  irf  ilu^  Wotfflati  body  d**«loii*d  loMr  Inio  tho  oonl 
'--|;>.in«M'iLblad>l«r:  &,  unw'liHn. 


The  future  of  ttii3  Mfllleriau  and  Wolffian  ducts  varies  ac* 
cordinjf  to  the  sex  of  tlio  ombryo, 


fM.  11  PIMiiiiii  of  Uw  inniiiniallan  IriiK  of  mklr  •pxunJ  fnyawafCrr  (JiuUit).  Oimpaiv 
«itb  Pica  US',  ai,  C  0<nrtiFr*i<  ctnnilot  nnp  M'Ip  :  >-(■,  cnriKira  unTemoaaiieiili.ciitih^rt ; 
r,  PMmt «|ifalliltiDlA ;  a.  eunmracu^ini :  f.rroiuiu  .  m.  tiyilutitl  -.•¥  Uonewrni,  the  pt-Atstonl 
afil*rvi«*M  of  Uw  JfUUf-rlAn  iltii'i,  tlii'cijiij.uiii  i>»<i"H<ir«nil>  <if  wtitvh  (unu  lliruLtnu 
awcuftDUa:  pt.  iirtiMlafa  fflamk :  a,  K-n>Iu'ia  ;  rii,  .virjiut  nji*nncifMim  Lijyilinp:  t-  trrMia 
,  UmUcIi-)  k  tbp  flaci'  ol  llaorlelntJ  r»rmii<ii><>.  }■>•••  il.iiiisl  Iluf  iiKtlnaln  llv  ilinTtJ'Hi  in 
•  «Mtk  tlm  IriHi  111  f ptdldfinli  dli&iiet'  pliv^  in  <hi-lr 'li-anrnl  trtan  Ute  abilKniPn  lnl'.>lh<- 
n<*ilBni:  nl.  *••  Arforcn* :  I'Jt.  loji  aUrraiui ;  ui.  vnlitila  ■rtiiliuUlii :  II',  rcmuunU  of 
W«Mn*a  bndr  itba  orgko  of  ulraldhi  ur  jmnuiiiitiM*  al  VTnlili-ynr) ;  &  «.  1.  m  In  HK'  '^ 


no 


ANIMAL  PUTSIOLOay. 


In  tho  malo  tho  WoiBlun  iliict  [K-rsist*  ft«  tho  viui  deferens ; 
in  tliu  foinalo  it  rioiiuias  as  a  ruilmioiit  in  lliu  region  nenr  the 
ovary  (Iiydatid  of  Morgagnl).  lu  tlio  r<fnmle  tho  Miilleriau 
duct  becomes  the  nvidurtimd  rehit'.'d  |)itrt)i(uterii)(iiiid  vagina) ; 
in  the  male  it  atrophies.  One,  usunlly  the  right,  also  atrophies 
in  female  birds.  The  ttinus  pocularis  of  the  prostate  i»  the  rem- 
nant in  the  male  of  the  fused  tuhes. 

The  varioUB  forms  of  the  generative  apparatus  derived  from 
the  Unllorian  ducta,  as  determined  by  different  degrees  of  fu- 
sion, «tc.,  of  parts,  may  be  learned  from  the  aoconipanying 
figures. 

In  both  80XC8  thp  most  posterior  portion  of  the  Woiffian 
duct  gives  riso  to  the  meianephroa,oT  what  becumi-s  thu  iwirmo- 


Flo.  W.~t)laeruT<  of  ttu>  fnuaiuaUiulrpaorrraaalr  wxiwl  unnuadiltiT 
llnw  ill  iBit-  (liciirv  tiulu-iil-  ruiiciliHuit  onEW*  In  Ilii'  niliiT.  C.  uliuiil  •;f 
Claun;  c  c,  corpua  oiin-rnrniirii  rlltctriJbi;  il(9.  rt^imlac  iif  iIih  ii-ri  y 


(nltirOualBi   TbeilotUil 
•;f  lUrUiiiUn  lOiirik.r^ 

I  WoinUm  iliid.  which 

mar  mnlM  a*  (tie  ilnci  nr  <jiii<rtwr-.  /,  aMamliuil  oprnliiK  <">(  k-(l  falli'iitan  liibv :  0. 
roium  llgftnicnt  («HTr«pnrjiILbi£  (o  thr  (rubflrniumluini :  K  liymru  ;  t.  n-cluiii ;  K  labium  ; 
Bi,  nil  Falli>|iliui  tubi  i»tiilui.-[.  or  MllMrrliiii  ducticf  Itw  MKbt  ilrle:  ■>.  u)ni|ilia  :  u.  Inn 
OT»ry  ;  jm.  iiarDmrLum  ;  *r.  vvrijlju'  liiill>  or  cunNtt  ■ponnoMin  ;  m,  iiU^nix  ;  i^  vulm ; 
M.  inicliiii :  H',  •wIMiwil  n-iiuiliw  ^jf  Woiptlnu  liiliM  ttiMwnilKimi) ;  it,  ••iiI  •.■ml  ivl  vnD- 
Ubd  rlKht  WninUo  dupt ;  i.  nivlnT-.  *.  Iiliulilrr  poaaliia  bvlow  luto  Ibi!  u»l)i>:  }.  nraclilA 
or  fbiuavJt  oF  flcolk  of  hUauioIa, 

nent  kidney  and  ureter ;  in  the  male  also  to  the  vas  deferens, 
testicle,  vas  aberrans,  and  seminal  vesicle. 

The  ovary  has  a  similar  orijcin  to  the  testicle;  the  ^terminal 
epithelium  fnrnishing  the  cells,  which  are  transformed  into 
Qraafian  follieles,  ova.  etc.,  and  the  nie^oblast  the  stroma  in 
whiuh  thc-Ao  .-ttrurtnres  are  imbL-<ldod. 

In  the  feraule  the  parovarium  romuins  oh  thu  representative 
of  tbo  atrophied  WolfBan  body  and  duct. 

The  bladder  and  uraohus  are  both  remnants  of  the  formerly 
extensive  nllantois.    The  final  forma  of  the  genito-urinary  op. 
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gmiu  nrino  by  <lifTen'ntiittioii,  fii.sion,  lui'l  ntrophy:  thus,  the 
cloaca  or  common  cavity  nt  tlio  gi'iiito-urioai'y  ducUi  i^  tlivided 
,by  D  soptuin  (the  poriiioum  oxU>ruully)  into  a  g«nUo-m-inary 
aod  an  iQt««tiiinI  (tiuitl)  juirt:  th»  jK'iiis  in  thu  mulo  and  the 
oorroepondiog  clitDris  iu  thu  fciiiHti'  appuur  in  tin;  region  of  the 
cloaca*  BS  outgrowths  whicli  are  followMl  hy  pxtenaion  of  foMit 
of  int^i^meut  that  hecome  the  licrotum  in  the  one  sex  and  tho 
Iftbia  in  the  other. 

Tlie  urethra  arises  as  a  groove  in  the  under  siirfnce  of  tho 
lieni.t,  which  hecomes  a  canal.  The  origiual  opening  of  the 
urethra  wan  at  the  base  of  the  ]>eBis. 


^L 


nn.  isk 


cu 

Fid.  111. 


m.  m. 


rin.  an. 


W  to  1W.— DUsnm  BltMtmlluc  (bs  •Talunan  of  tbo  poalrrlur  piuwiam  dkltor  Ludolt 
FU.  tIBL'-AlbucnhwatliiiKHiBtrtthrMCuin. 

Fm  IK—Korty  <>.mllUuii  fu  mtid,  brfuTD  UwclMimot  tbt  foUiot  tlie  tcnxwo on Uw pontic 

rtor  i**p  "if  ih"  piiiw- 
PH.  ni.— Kwly  tcin&I>>  ■•niutlllnn. 
■1  iiiiiiiwuwiT  lit  pruL-b  Klffiiim  ^   ,ltr.  klliintnli :   H,  IiUbldpr ;   C  prnta :   rl.  pIobu  : 

Jr.  M OBarbui  iluct :  K.  n«luin :  t^,  iireilirn  ;  N.  voillbiilu ;  SV,  uroiRullal  tluiu ;  I'.  *&) 

In  ct'Hain  caRPs  devflopinent  of  these  parts  is  arTest,e<I  at 
various  stagttt.  fr(»m  whi<'h  n^sult  almonnalities  frequently  re- 
quiring interforence  by  the  nurgeon. 

The  accounts  of  tfio  pn^vious  chapters  do  not  complete  the 
hifltory  of  duvulopiufut.  Cvrtriiu  of  tho  remaining  Hubjecte 
that  are  of  special  interest,  from  a  physiological  point  of  view, 
will  be  referred  to  again:  and  iu  the  mean  time  wo  shall 
oonsider  rather  briefly  some  of  the  physiological  problems  of 
this  subject  (o  wliich  scant  reference  has  as  yet  l>een  mada 
Though  the  physiologj-  of  reproduction  is  introduced  here,  so 
tbat  ties  of  natural  connection  may  not  be  severed,  it  may 
very  well !»  omitted  by  the  student  who  is  dealing  witli  embry- 


llfl 
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pill.  IM —V'urh  nil  r<rriiu  c-r  nuunitiBllui  utPrI,  A.  Oni1dicirUyiii:hii>.  B.  nidFlpbj*  donteciK 
('  rimijiEku-i-IA  vuIiil'ifL  D,  iJif iihtn  ul^niH  ^i^l  Mu;l(ift;  huraaii  aiioinnly-  E,  I^JHtfcllB^ 
i<uliu  iniM^llv  iiu-ni4  dliplpx,  f,  Ui^tlik  Mcrfnil*  (1.  UtvniM  l^ltuirTlliia,  H.  Xltcnn 
«Uii|iU-i  itTUEEiniiL  ■?.  Binw:  cl.  eUnwa  :  ir.  if,  omlucl ;  <j.  f*iJB  UncflM^i  iiN-rl>;  nr.nvftiy; 
r.  rvt-1<iEii ,  «,  t'Aj:iiiiil  vtfpiuui  ^  u.  A.  urlnjuy  bUwIdBr :  ur^  anter :  iir.  o^  T>iirirv  iif  nme; 
lu,  urui;niliiil  >li>iu  .  ut.  utirnu :  r.  voiciu* :  v.  f.  ratfioal  eacuui  (Httdiluu), 

olo^y  Tor  till)  tinit  time-,  iiud  in  uiiy  cam  sbould  bo  rotul  again 
ttftor  tho  otiior  fuut^tiuiuf  of  tlio  body  liiivo  b«tu  studi«(L 


The  F&YSIOUK3ICA.I,  Aspects  of  Devblopubnt. 

Acooi-diug  to  that  law  of  rhythm  which,  as  wp  have  seen, 
prevails  throughout  tho  world  of  ammat«d  naluro,  there  are 
periods  of  growth  and  progress,  of  quietude  and  arrest  of  devel- 
opment ;  and  iu  vertebrates  one  of  the  most  pronounced  epochs 
— in  fact,  the  most  marked  of  all — is  that  by  which  the  yoting 
organism,  throngh  a  eeriea  of  rapid  stages,  attains  to  sexual 
maturity. 

While  the  growth  and  duvflojimcnt  of  the  gonernlive  or- 
gKnsf  .-^haii.'  I'>  tlie  greAtost  dcigreu  in  thiH  prugroiw,  other  ports  of 
tliL-  body  iiiid  till'  entire  bolng  jmrticlputi'. 

So  gruut  is  the  change  that  it  is  common  to  indicate,  in  the 
case  of  the  humiin  subject,  the  developed  organism  by  a  new 
name — the  "  boy  "  heconiPB  the  *'  man,"  the  "  girl "  the  "woman." 
Relatively  this  is  by  far  the  most  rapid  luid  general  of  all  the 
transformations  the  organism  undergoes  during  its  oxtra-ntor- 
ine  lifo.  In  this  the  entire  body  talctis  part,  but  very  untHiually, 
The  iiicreiwie  in  stature  is  nut  projiorlionHt^'  to  the  increase 
in  weight,  and  the  latter  is  not  so  great  ivs  the  change  in  form. 
The  modifieittiuus  of  the  organism  nro  localized  and  yet  affect 
the  whole  being.    Tho  outlines  bucome  more  rounded ;  tho  pol- 
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"vis  in  fi'inalefi altvrs  in  slinpe :  not  only  tlo  llie  tjpneraliro organs 
tliemitt'lvi*^  rHjiidly  mi<l*rgu  im-peiutwl  ilpvplopinpnt.  tml  rprlniii 
related  glaods  (mamnue)  participate;  hair  appoars  in  c<*r1nin 
reginns  of  tlip  iKiely;  thp  larjiix,  pspficially  in  the  mn1<>,  undor- 
^>rt*  eulnruempnt  and  changes  in  the  rolativp  siw  of  parts,  iv- 
@ultin((  in  nn  iiltvrstif>(i  of  voiw  (broniciiig  of  the  \*oicf),  vie. — 
all  in  (.-onfui-mity  with  that  vxcoss  of  mttrilivo  ouorgy  which 
marku  this  hiulogicat  epoch. 

CorfT'liitLHl  with  ihesi-  physical  chnnt^s  are  othfrv  ^'*•l^mf^inK 
to  the  intt>llpctaal  and  moral  (jiayt-hii')  nature  ecjually  inipor- 
Innt,  and,  accordinRty,  the  future  beinR  depends  lar^^ly  nn  the 
full  and  unwari^wl  developnipnts  of  these  few  years. 

Spxual  nmturity,  or  the  oaiijirity  l>>  funii.'<li  ripe»i-xunl  t-lo- 
nient«  (cells).  18  from  tho  hirdogienl  standpoint  tho  most  imimr- 
ta&t  result  of  the  unset  'o(  that  l)iTiud  tormod,  as  regards  the 
hunmu  spmriLtt,  puberty. 

The  ago  at  wbicli  this  ejioch  is  reaelied  varies  with  race, 
sex.  climate,  and  the  moral  influences  which  envelop  the  inrli- 
Tidiial.  In  temperate  regions  and  with  Knropenii  races  pit- 
bcriy  is  re«chp<l  at  fmni  abnul  the  thirteenth  to  the  eighteenlli 
year  in  tlic  female,  nud  rather  Uttvr  in  the  male,  in  whom  db- 
T«Iopm«nt  generally  is  somewhat  slowt-r. 


MeXSTKUATION   and  OVL'I-ATION. 


>■  In  all  vertebmttw,  at  j»erii.Mis   rv-cnrriiig   with   great  rt'gu- 
■Hty,  the  generative  orgtms  of  the  female  nianifeKt   uunsual 
itctivity.    This  is  churacterizCHl  by  incruajR-«i  vnscularity  of  the 
[>varj'  and  adjnc<.mt  jjarts;  with  other   ohiiiiges  dei>endent  ou 
lllis.  au'l   that   Iieighti-ued  UL-rvu  inllueiKe  wliich.  iu  the  verte- 
brate, soems  to  be  inseiiarable  from  all  important   functional 
changes    Ovulation  is  the  maturation  and  discharge  of  uva 
fnini  the  Oraatian  follicles.    The  latter,  reaching  the  exterior 
aoue  of  the  ovary,  becoming  distendeil  and  thinned,  burst  ei- 
^B     icrtmlly  and  thus  free  the  tivuni.     The  follicles  being  very  vas- 
^P    ctilfr  at  this  (wriod,  blood  cKcap^^nit,  oiving  to  this  ruptnn.-,  into 
^^     (lie  etnptie<l  capsule  anil  clots;  ami  as  a  ri'sult  of  organixation 
aud   subsequent  degcneratiou   undergoes  a  certain   si-ries  of 
ehangtw  d(>|>endcnt  cm  tlie  condition  of  the  ovary  and  adjacent 
parts,  which  varies  according  as  tlie  <^ivum  has  been  fertilizdl 
or  not.     WHicn  fertilization  (tccurs  the  Oniafiiin  follicle  under- 
goc*  changes  of  a  more  marked  and  lasting  character,  becom- 
iag  a  true  arrptu  tuieum  of  ptvK/nancy. 
s 


tu 


ANIMAL  PUYSlOIiOOY. 


The  oviua  in  iJiw  fowl  is  fi'rtilizLiI  in  thci  upper  part  of  the 
oWHuct;  in  tho  nuLituniil  moBtly  iu  lliis  ri*gioii  ulso^as  is  Hhown 
Ly  the  ((it*  of  iht«  cmbryus  in  Ihosu  gruups  of  animals  with  a 
two-hornod  uturuB,anil  (he  occasioual  ttccun-enco  of  tiil)al  jireg- 
nancy  in  vroroan.  But  tliia  is  not,  in  the  iitiman  subject  at 
]fnst,  invariably  the  site  of  impregnation.  After  the  ovum  has 
hi"eii  set  free,  as  above  desoribed,  it  is  ronveytrl  into  thy  ovi- 
duct (Fallopian  tube),  though  exactly  how  is  gtill  n  matttT  of 
dixjiutt':  WHUO  holding  that  tht-  curri-iit  producwl  by  thv  aution 
of  thu  ciliated  vvUs  of  tho  Fallojtiau  tiilH.>  sulliccw:  others  that 
the  ovum  is  grasped  by  the  fimbriated  extremity  of  the  tube  as 
part  of  a  co-ordin«t«l  act.  It  is  likelyj  as  in  so  many  other 
instances,  that  both  views  are  correct  but  partial ;  that  is  to 
Bay,  both  these  methods  are  employed.  The  columnar  ciliated 
celli),  lining  the  oviduct,  act  so  as  to  produce  a  current  in  tlie 
direction  of  the  uterus,  thus  assisting  the  ovum  in  its  passage 
towar<!  its  I'mn!  resting  place. 

KeDBtrastioiL^As  a  part  of  the  general  activity  occurring 
at  this  time,  tho  utoruft  manifesits  certain  changes,  chiefly  iu 
its  internal  mucous  lining,  iu  which  thickening  and  increased 


no.  m.-I>u«T>ni(if  ihebnnwniUarniJaM 
bt^oni  aifunnuuoo.  Tba  Aadall  por- 
Uoa  rvpn*""^  >>>"  maeaui  loanibiviw 
llUtt  ftul  B*rbour.  ■Tlrr  J,  WUIUmni. 


IVi.  IM.— t;imvii>rM'ni«iiMn«lnihutat 
maul.   Th«  eavlw  n(  Uw  lM4r«rm 

uierua  la  wippoaHl  lo  havp  bcvD  dauliwl 
crt  inuooii*  membMUv  IJ.  Wlllianu). 


vaiscularity  are  prominent.     A  flow  of  bl(X)d  from  the  utenu 
iu  the  form  of  a  gentle  ooziug  follows;  and  as  the  8uperflci&l 
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parts  of  the  mucous  Hiiiiig  of  t)u>  uU^rus  undergo  softening 
luitl  fatty  deReneration,  they  are  thrown  off  and  renewed  at 
lltMB  [wrkxU  (enlamenia,  mensfs,  etv.),  provided  pregnancy 
doM  not  take  place;  In  mammals  below  man,  in  their  unt< 
ural  8tat«,  pregnancy  does  almoRt  invariably  take  placo  at 
such  tiniert,  hence  this  exnltod  aotivity  of  tlii>  mucous  coat  of 
the  uterus,  in  propamtion  for  the  reception  nnd  autrition  of 
the  ovum,  is  not  often  in  vain.  In  tlio  humau  subject  the 
tnenfica  appvar  monthly ;  pregnancy  may  or  may  not  occur,  and 
consequently  thi-ru  may  ho  wastv  of  niitiii'c's  forces;  though 
there  is  a  certain  amouut  of  ovidunce  that  menstruation  does 
uot  wholly  represent  a  loss ;  hut  that  it  is  largely  of  that  char* 
acter  among  a  certain  class  of  women  is  only  too  e\ident.  As 
van  bo  n^adily  unden<tood,  the  catamenial  flow  may  take  place 
prior  lo,  during,  or  afttr  the  rupture  of  the  pgg-nip«ulo. 

Afl  the  uterus  is  weU  suppliiKi  with  glands,  during  this 
period  of  increased  functions!  activity  of  its  lining  memhrsne, 
mucus  in  considerable  excess  over  tho  usual  quantity  is  dis> 
diargcd;  and  this  phase  of  activity  is  continued  should  pr^- 
oaooy  occur. 

All  the  parts  of  the  generative  organs  are  supplied  with 
muscular  tissue,  and  with  nerves  as  well  as  hlood-vcssols,  so 
that  it  is  poesiblo  to  understand  how.  by  the  iiiduencu  of  nerve- 
centers,  the  various  events  of  ovulation,  menstruation,  and 
those  that  follow  when  pregnancy  takes  place,  form  a  related 
wrtes,  vory  regular  in  their  succession,  thouj^h  little  prominent 
in  the  consciousness  of  the  individual  niiiuinl  when  norninl. 


The  Nutrition  op  the  Own  (oUspekh). 

Thia  will  Ir-  bi-st  undorMtood  if  it  bo  remembered  that  the 
oimm  ia  a  cell,  undifferealiatc<l  in  moet  directions,  and  thus  a 
sort  of  amoeboid  organism.  In  the  fowl  it  is  kno^va  that  the 
oells  of  the  primitive  germ  devour,  amceba-like,  the  yelk-cells, 
white  in  the  mammalian  oviduct  the  o\*um  is  surrounded  by 
abundance  of  proteid,  which  in  doubtless  utilize*]  in  a  somewhat 
similar  fashion,  ns  also  iu  the  uterus  itself,  until  the  enibr>'onic 
numbnuics  have  formed.  To  speak  of  the  ovum  being  nour- 
ished by  diffusion,  and  08|K.-ciuIly  by  osmosis,  is  an  unnecessary 
■ssumptioUi  and.os  wo  bi-Uovu.  at  variancv  with  fimdumontal 
priacipleB ;  for  we  doubt  much  whether  any  vital  process  is 
one  of  pure  osmosis.  As  soon  as  the  yulk-siic  and  allanlois 
have  been  formed,  uutrimeut  is  derived  in  great  part  through 
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the  vffssel-walls,  which,  it  will  he  rememherfil,  nro  difTcr^ntio^ 
ted  from  the  cella  of  the  ni«?sot)liw<t,  nnd,  it  rruiy  wull  be  as- 
sumeii.  hnvi-  ni)t  nt  this  enrly  stiiyt-  entirt'Iy  lo»it  thoir  ania'boid 
character.  Tlit'  hlufiil-vt-siulscenmuly  haven  respiratory  fuue- 
tioQ,  and  suflSc-c.  till  thu  more  eoinplicatcd  villi  are  fomied. 
Thfi  latter  striu-turus  are  in  the  main  similar  in  build  to  the 
villi  of  the  alimentary  tract,  and  are  adapted  to  Iwinp  Mir- 
ronndotl  by  similar  structwres  of  maternal  oripin.  Both  the 
materniil  crypts  and  the  ffptal  villi  are,  though  roniplemcntflry 
in  Khiipu,  all  but  identical  in  miiuito  strurture  in  most  in- 
stances. In  WK'li  case  the  l>lui)d-VfcSfiL<ls  are  coverwl  superti- 
cially  by  cells  which  we  cdu  not  help  thinking  are  essential  in 
nutrition.  Tlie  villi  nro  both  nutritive  and  respiratory.  It  is 
no  more  difficult  to  underatand  their  function  than  that  of  the 
cells  of  the  endoderm  of  a  iiolyp.  or  the  epithelial  coverings  of 
lungs  or  gilK 

Experinient  prove.**  that  there  is  a  i-espiratory  interohnnge 
of  gaj^-s  between  the  uinternal  and  fa-tul  blood  ivhieh  nowhere 
minific  phj-sicnlly.  The  same  law  holds  in  the  respiration  of 
the  ftelus  as  in  the  mammals.  0.\yyen  jiassos  to  the  re^^ion 
where  there  is  least  of  it,  and  likewise  carl»unie  anhydride.  If 
the  mother  ho  asphyxiated  so  is  the  ffetus,  and  indeed  more 
rnpiilly  than  if  its  own  umbilical  vpbspU  be  tied,  for  the  mater- 
nal hloiMl  in  the  fi!"»t  instance  ahslrncts  the  oxygen  from  that 
of  the  fcetus  when  the  teii.tion  of  tliii*  gas  heronies  lower  in  the 
maternal  than  in  the  fietnl  blood  :  the  usual  course  of  affairs 
IB  reversed,  and  the  mother  sntiiffies  the  o-xygen  hunger  ni  her 
own  blood  and  tissues  by  withdrawing  that  which  she  recently 
supplied  to  the  fretus.  It  will  be  seen,  then,  tlint  the  embryo  is 
from  the  first  a  parasite.  This  explains  that  exhaustion  which 
pregnancy,  and  e^'pecinlly  a  series  of  gcslatioii.'*.  enlniK  True, 
nature  usually  for  the  time  meets  the  demand  hy  an  excess  of 
nutritive  energy :  hence  many  persons  are  never  so  vigorous  in 
appearancp  as  when  in  this  condition ;  often,  however,  to  he  fol- 
lowed by  corresponding  emaciation  and  senescence.  The  full 
nud  frerjiieiit  respirations,  the  bounding  pulse,  are  succoe<led  by 
rovurse  conditions ;  action  and  reaction  are  alike  present  in  the 
onimuto  and  inanimate  worlds.  Moriiover,  it  falls  to  the  parent 
to  eliminnto  not  only  the  waste  of  its  own  organism  but  that  of 
the  ftrtus ;  and  not  infrequently  in  the  human  subject  the  over- 
wrought excretory  organs,  especially  tlie  kidneys,  fail,  ent^iiling 
diimsti-oiiK  oonsoquences. 

The  digestive  functions  of  the  embryo  are  aaturally  inact- 
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iTp,  tho  blood  boing  auppliod  with  all  its  needful  constituents 
tlinmsb  tlie  plat-enta  by  a  much  shorter  process;  indeed,  tlie 
plncenLal  notritire  functions,  so  far  aa  thu  foptiis  is  concerned, 
nuiy  be  compared  with  the  i-flmnval  of  alrfaiiy  dinestcd  miiterinl 
from  the  alimenlary  caitiil,  though  of  coiirsi'  only  in  i)  gt'iicml 
vay,  Dtiring  foetal  life  the  di^*stivo  glnndu  uro  dovoloping, 
stid  at  the  time  of  birth  all  the  diKwativu  juic-cs  are  secreted  in 
an  I'fficiuut  condition,  tlioURh  only  relatively  so,  necessitating  a 
speoint  liquid  food  (milk)  in  a  form  in  which  all  the  constitucuta 
of  a  normal  diet  are  provide<},  easy  of  digestion. 


Pt>.  tV  —Riiiuui  XTTnu  or  i-iiitiriai  from  ihu  Hvoai]  IkUid  nrtwntli  wiwli  inatiirnl  iiliu>1,  ■Mm 
tnim  Ite  ktl  aiiln,  lti>'ar<*hnl  Imrl:  iiinii'J  Inwu^  Ilm  rticlil,  (l'nriv-l)iAll>'  itti-t  I'^ckcr.) 
U.  haiiUA  oialffrn  t^  U  ilnvi :  lU.  ■')  n  vi-rkm ;  JV.  ot  I  wn'kt  -.  V,  oF  n  ntvki :  VL  ol  0 
onlMl  V[l.«(rwHin^  VtlLola-wIu:  XU.  ot  it  wtski ;  XV.uf  ittmto. 

Bilt',  inspis^itcd  nud  mixed  with  the  dead  and  cast-off  epi* 
thelium  of  thu  alimentar>'  tract,  is  abundant  in  tho  intestine  at 
birth  in  the  human  subject;  but  bile  is  to  be  regarded  perhaps 
rather  in  the  Hi^ht  of  an  excretion  than  as  a  di(;estivn  fluid. 
The  skin  and  kidneys,  though  not  functionless,  arc  ren<Iered 
atuiec«f«Ary  in  grc»t  part  by  the  fact  that  waste  can  }»>  mid  is 
withdrawn  by  the  pln<».-iita,  which  proves  to  be  a  nutritive,  n.*- 
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Bpimlurj',  ami  excretory  orgnu ;  it  is  in  itwlf  a  sort  of  abtrtract 
ami  brit'f  clinjuiclt-  of  tho  whole  pliyxiologiciil  story  in  fiBl«I  life. 

All  uf  ihu  fuitul  organs.  (Mpcciully  tlio  muscW,  uboiiad  iutui 
animal  starch  (glycogen),  which  in  somt'  way,  not  wvU  uiiilcr- 
stood,  forma  a  retwrvo  fund  of  nutritive  energy  which  m  pretty 
well  usefl  up  in  the  earlier  months  of  preffnancy.  We  may 
Bupposit  tlint  the  anKelwid  cells— all  tho  imdiffei'entiatec]  cells 
of  tho  body — feed  on  it  in  primitive  fashion;  anrl  it  will  not 
be  forgotten  tbiit  tht-  oldei-  lln?  cells  bwomo.  the  more  do  they 
depart  from  the  simpler  habitii  of  thoir  wirlior,  cruder  ejEist«n«* ; 
hence  the  disappearance  of  thiu  ttuhstance  in  the  lat«r  months 
of  ffptal  life. 

In  one  renpect  the  ftptus  closely  resemblefi  the  adult:  it 
draws  the  pabulum  for  all  its  various  tissues  from  blood  which 
it«elf  may  he  rfgiinled  itti  the  first  complctoil  tissue.  We  are, 
accordingly,  led  to  imiuin-  how  this  river  of  life  is  dijttributed : 
in  a  word,  into  the  nature  of  the  f<Btal  circulation. 

Fatal  OircttlatioB.— The  Wooil  leaves  the  placenta  by  the  um- 
bilical vein,  reaches  the  inferior  vena  cava,  either  directly  (by 
tho  dtictus  rfiiosuji),  or,  after  first  passing  to  the  liver  (by  tlie 
venix  adwhrtitfs,  and  returning  by  the  vttuf.  rfvehenles),  and 
proceed*,  mingled  with  the  blood  returning  from  the  lower  ex- 
tremities, to  tho  right  auricU^  This  bluud.  thougli  far  from 
being  as  arterial  in  charnotor  as  the  blood  after  birth,  is  the 
best  tliat  reachea  the  heart  or  any  part  of  the  organism.  Aft^?r 
arriving  at  the  right  auricle,  being  dammed  back  by  the  Kus- 
tachian  valve,  it  avoids  the  right  ventricle,  and  shoots  on  into 
the  left  auricle,  jwssing  thence  into  tho  left  ventricle,  from 
which  it  is  sent  into  the  aort.tt,  and  is  then  curried  by  the  great 
trunks  of  thi«  arch  to  the  head  and  upper  extremities.  The 
blood  returning  from  these  parts  passes  into  the  right  auricle, 
then  to  the  corresponding  ventricle  and  thence  into  the  pul- 
monary artery;  but,  Buding  the  branches  of  this  vessel  un- 
opened, it  takes  the  line  of  least  resistance  through  the  thirfus 
artenosiiM  into  tho  aortic  arcli  Wyond  the  ]K)int  whero  its  grrat 
branchirs  emerge.  It  will  be  seen  that  tho  blood  going  to  the 
hwxl  imd  upper  parts  of  the  body  is  greatly  more  valuable  as 
nutritive  piibukim  than  the  rest,  especially  in  the  qimntity  of 
oxygen  it  contains;  that  the  blood  of  the  fcetus,at  best,  is  rela- 
tively ill-supplied  with  this  vital  essential ;  and  as  a  result  we 
find  the  upper  (anterior  in  (junclrupcds)  parts  of  the  fcetus  best 
developed,  and  a  decided  resemblance  Ix'tweon  the  mammalian 
footu«  functionally  and  the  adult  forms  of  reptiles  ami  kindred 
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RToiips  of  tlie  lower  vertebrates.      But  tUifi  condition  is  wi"!! 
«DDUgh  lulapted  to  th«  general  ends  to  be  attuiuvd  at  this  pe- 
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rlod — tho  nuurtshmont  of  structures  on  the  way  to  a  higher 
]>nth  of  pn>grvBti. 

As  embryonic  maturity  i»  being  reached,  prepamtion  in  muxlo 
for  a  new  form  of  existence ;  ro  it  is  found  that  the  Eu^tiicbian 
valve  in  less  prominent  and  lliu  foramen  ovule  smallbr. 

Pabtubition. 

All  the  effort*  th»t  \uivti  hithi<rta  heon  made  to  determine" 
the  exiict  cau«o  of  tho  it-Mult  of  that  saries  of  events  which  make 
up  parturition  ha%'e  failed.  This  has  probably  been  owing  to 
an  ntU-nipt  at  tou  simple  a  solutiMn,  The  fcetus  lies  surnm»<k"'l 
(protvt'li'd)  1>y  tluid  i.'ontained  in  the  amniotic  sac.  For  ili*  expul- 
sion there  is  require<I,  on  the  one  hand,  a  dilat^vtion  of  tho  utur- 
iuu  opiming  (on  uteri),  and,  on  the  other. a  visa  h-rgo.  The  hit- 
ter is  fumistivd  by  thL'eontracliunsof  the  uturus  itself,  aided  by 
the  simultaneous  action  of  the  abdominal  muscles.  Through* 
tmt  the  RTeater  part  of  ^'etitation  the  uterus  experiences  some- 
what rhythmical  contractions,  feeble  as  compared  with  the 
liiiul  ones  which  leatl  to  expulsion  of  the  foetus,  but  to  Iw  regard- 
ed as  of  the  ^me  character.  With  the  growth  and  functional 
development  of  other  organs,  the  placenta  becomes  of  lout  con- 
sequence, and  a  fntly  degeneration  »L-te  iu,  most  marked  at  the 
poriphery,  usually  where  it  is  thinnest  and  of  least  use.  It  does 
not  seem  rational  to  believe  tltat  the  onset  of  labor  i.s  referable 
toanyone  cause, as  has  been  so  often  taught;  but  rather  that  il 
is  t\\f.  Rnal  issue  t^>  a  series  of  processes  long  existing  and  grad- 
ually, though  at  last  rapidly,  n-acliiug  that  climax  which  seems 
like  It  vital  storm.  The  law  of  rhythm  alTects  the  nervous  sys- 
tem Its  others,  and  upuu  thiti  depends  the  directiou  anil  co-ordi- 
nutiou  of  thuM  many  activities  which  make  up  parturition. 
We  have  seen  that  tUrougliout  the  whole  of  fcetal  life  changes 
in  one  part  are  accompanied  by  corresponding  changes  in  oth- 
ers;  and  in  the  final  chapter  of  this  history  it  is  not  to  he  ex- 
pected that  this  counectiou  should  be  severed,  though  it  is  not 
at  present  possible  to  give  tho  evolutioa  of  this  process  with 
any  more  than  a  geueru]  aijproach  to  probable  correctness. 


ClIANdKS   I.V   THK  C I  EC  L' I.  ATI  ON   AKTBK   BlUTH. 

When  the  now-born  mammal  lakes  the  lirst  brt^ith,  effected 
by  the  harmonious  action  of  the  rt-spirntory  muscles,  excited 
to  action  by  stimuli  reuchiug  them  from  the  nerve-center  (or 
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centers)  whit'b  pn-*;irlu  ovt^r  ri*spinitiuii,  uwiiig  to  iti>  Iwiu^ 
njoisml  into  at-tiuu  by  tlii«  liick  of  its  acctiiitomi^d  supply  (if 
ox>'^en,  the  hitherto  solid  liiQfjV  are  expanilecl ;  the  pulmonary 
vtu^sols  are  rendered  [wnneable,  lience  the  hlrwd  now  taken  the 
path  of  least  re»i.Hlaiice  nlon;(  them,  ait  it  formerly  did  thifMiKh 
tlie  tluetus  nrtrriosu.t.  The  lutler.  frmn  laek  nf  use,  alropliiei) 
ill  most  in8t»nc<>«.  The  1)Io(hI,  retuniiug  to  the  left  auricle  of 
the  heert  from  the  lungs  ut  incrvased  volume,  8o  rais««  Iho 
prctfsui'o  in  this  chuuilKT  Ihul  th«  stniim  that  formorlv  flowed 
through  lh«  foramen  ovuk-  from  tho  right  auricle  is  opjHKwd 
hy  a  force  equal  to  ltd  own,  if  not  grenter.  and  henco  pawnee  by 
an  easier  route  into  the  right  veutricle.  The  fold  that  lends  to 
cloae  the  foramen  ovale  grows  gra<lually  over  t  he  latti-r,  so  that 
it  asaally  ceases  to  exist  in  a  few  days  after  birth. 

At  birth,  ligature  of  the  umbilieal  eord  cuts  off  the  placental 
circulfttion :  heuoe  the  ductus  venosua  atrophies  and  liecomes  a 
nierv  lignment. 

Tlio  plaeerlt4^  being  now  a  foreign  body  in  the  utcrns,  is  cx- 
pelUvl.nnd  this  orjjnn.by  the  coiiti'nctioiig  of  its  wnlls, closes  the 
ruptured  and  gaping  vessels,  thus  providing  tiguiuitt  hu-mor- 
rbagOL 

C0ITD8  BETWEEN  THE  SeXES. 

In  all  the  higher  vertebrates  c-ongress  nf  the  sexes  is  essentia 
to  bring  the  male  sexual  product  into  contact  with  the  o\*uin. 


rw.  at.    feoUun  or  «tMtU«  Umuf  <tMIM>L    fl.  tralxwulw  of  mnOMUw  tMv,  irltb  tlMtle 
atlW. ■mltwajlw of  plain  wmciiUrP»UB<r>i  b,  •moaaapaccatttobVM'V 
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Erection  of  tlio  penis  results  from  the  conveyance  of  an 
excess  of  blooi]  to  the  orpan,  owiiijf  Ui  dilation  of  its  arteric!Jt, 
and  the  retention  of  this  blood  Trithin  its  caverns. 

The  structure  of  the  penis  is  peculiar,  and,  tor  the  detAJls  of 
tho  anjitoniy  of  both  the  male  and  female  generative  organs, 
the  student  is  referred  to  works  on  this  subject;  sufllcc  it  to 
nay  that  it  consists  of  erectile  tissue,  the  chief  chnmcteristic  of 
which  IB  the  opening  of  the  capillaries  into  cavKmous  venous 
epacutt  (itintiaes)  from  which  tlio  veiiilet)i  uriso;  with  such  an 
arrnngment  the  circulutiou  munt  be  very  slow — the  inflow 
being  greatly  in  uxcww  of  ih©  outflow — apart  altogether  from 
the  cumpreasive  action  of  certain  muscles  connected  with  the 
organ.  An  previously  explained,  the  spermatozoa  originate  in 
the  seminal  tubes,  from  which  they  find  their  way  to  tha 


Fn.  MtL— flgMlDO  at  pvu  ><r  iLrop  Hfnlntrpmui  Mitiulw  of  UiP  mi  (Hcharf>ri     a,  niih  the 

•pWDUtlkKia  ImU  mlvuriiiM  In  ai'vvlii|mti-iii  ;  h,  iniin-  nilv*mvil  :  t;  , Iriluiiii:  rnUjF  tfh 

•*Kip*4  apannatiuoa,     Ib'twn.'n  rln-  tutniliv  nrv  mra  irtmniln  •■•t  liiti-nnlUnJ  •.fUt.  wWI 


^minnl  vesicles  or  receptacles  for  semen  till  requirwl  to  be 
discharged.  The  spermalozna  as  they  mature  are  forced  on  by 
frMh  additions  from  beliind  and  by  the  action  of  the  ciliated 
colls  of  the  epididymis,  together  with  the  wave-like  (peristaltic) 
action  of  the  vas  deferens.  Discharge  of  semen  during  coitus 
ifl  effected  by  more  vigorontt  peristaltic  action  of  the  vas  defer- 
enitand  the  seminal  vesicles,  folluwL-d  by  n  siniilai'  rhythmical 
action  of  the  bullio-cavermHtus  and  ischio-cavurnosus  nju-'tcles, 
by  which  the  fluid  is  forcibly  ejaculated. 

Semen  itself,  though  composed  essentially  of  spormatoiEoa, 
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U  mixed  with  the  swivtiona  of  the  vaa  deferens,  of  the  seminal 
Tosicliiit.  of  Cowjier's  glaiulfi,  ami  of  the  prostate.  Chemically 
it  i»  neutral  or  alkaline  in  reaction,  highly  albumiuous,  and 
containi<  iinclein.  lecitheti,  cholestoriu,  fatit,  atul  saUs. 

Thf  inovemiinUt  of  ihii  muk*  ci-U,  owing  to  the  action  of  the 
tail  (cUium),  suffice  of  tliomsolvut!  to  convoy  t!i6m  to  the  oti* 


Tm.Jja.—lHt  braad  IIgBmm^r>Ila^uMb*hO*iuT.  amriiunivDHiimlnthstMiMnniUiec 
iBmIii,  *.ul«nB;  (,  wtliniui  of  nlloplwi  (ulv:  'i.  anipiilJa  ^ /.  nmbniMil  M»l  <I  tfa* 
Mvi  wlUi  ilic  fuotahiun  la  at  mcbt ;  o.  o*a>T :  *>■  '■  otbMui  Utunoni, 

dactii:  hut  there  is  little  doubt  that  duritip  or  after  tiexual  con- 
gtwa  there  ii*  in  the  female,  even  in  the  human  subject,  at  least 


fkk  IMl— tJMm  uwl  ont<M  of  ti»  ■aw.  •xnl-dlMtramnutlo  (afW-  Dalian).    ■>,  otuy  i  H, 
ftw^ilaii  lubv ;  K  tnm  ot  Uv  iimva :  h,  buor  «*  the  utorui ;  p.  tii^iul 

in  many  cases,  a  retrof^ade  peristalsis  of  the  uterus  and  ovi- 
ducui  which  would  tend  to  overcome  the  results  of  the  activity 
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of  (he  c'iiiat<-'<l  cylls  litiing  thu  oviduct.  It  is  known  that  the 
mjiJn  cell  can  survive  in  the  female  orRaus  of  generation  for 
wvornl  (lays,  a  fact  not  diOic'uIt  to  understand,  from  tlie  method 
of  nulnli<iii  of  the  female  ceil  (o^-um);  for  we  may  suppose 
tlittt  lioth  elemenlii  are  not  a  little  alike,  as  tliey  are  both 
slitjlitly  iiiodirn'<i  iini'i-boiii  or(|;ftnisma. 

Rervoni  Mftohtnium,— Incidental  referouet'  has  Won  mado  to 
the  directing  influi-nce  of  the  norvoua  »ystum  ovi-r  tht'  evouts 
of  reproduction ;  especially  their  subordination  one  to  another 
lo  bring  about  t)io  general  result.  These  may  now  be  consid- 
ered i«  greater  detail. 

yio»l  of  the  priM-efwea  in  which  the  nervoiist  system  takes 
pBtl  ar«  of  tho  iiatuii-  of  re(lext-s,  or  the  result  of  the  autuina- 
ticity  (iudupuiident  action)  of  the  Den*c-oinitvr8,  incronited  by 
some  afferent  (ingoing)  impressiuns  along  a  uprve-path.  It  is 
not  always  possible  to  estimate  the  exact  share  each  factor 
takes,  which  must  be  highly  variable.  Certain  experiments 
have  a.ssisted  in  making  the  matter  clear.  It  has  been  found 
that,  if  in  a  female  dog,  the  spinal  cord  bo  divideii  when  the 
antmal  is  still  a  puppy,  nit::n.struatioii  and  im))n-gnation  may 
occur.  If  the  iNtme  tixpurimunt  bu  performed  on  u  mule  dog, 
wroctiou  of  the  penis  and  ejaculation  of  semen  may  he  cMused  I 
by  stimulation  of  the  jienis.  As  the  section  of  the  cord  has  left 
the  hinder  part  of  the  animars  body  severed  from  the  brain, 
the  creature  is,  of  course,  unconscious  of  anything  happening 
in  all  the  partji  helnw  the  section,  of  what<tver  nature.  If  the 
neroi  eriijenten  (from  the  lower  part  of  the  sjiinal  con!)  be 
stimulated,  the  ponis  i.s  erected  ;  and  if  they  bo  cut,  this  act  bo- 
comes  impossible,  either  refliixly  by  experiment  or  otherwisoi 
Seminal  emissions,  it  is  well  kuuwn,  may  occur  during  sleep, 
ami  mity  Iw  associated,  either  as  result  or  cause,  with  voluptu- 
ous dreams.  Putting  uX\  these  facts  together,  it  seems  reason- 
able to  conclude  that  the  lower  pai-t  of  the  spinal  cord  contains 
the  nervous  niat^hinery  requisite  to  initiate  those  iuHuences  (im- 
pulses) which,  pas.'tiiiig  along  the  nerves  to  the  generative  or- 
gans, excite  and  regulate  the  prucesi^os  which  take  plnoe  in 
them.  In  these,  vascular  changes,  us  we  have  seen,  always 
play  n  prominent  part. 

Usually  we  can  recognize  some  afferent  influence,  either 
from  the  braiu  (psychical),  from  the  surface — at  all  events 
from  without  that  part  of  the  nervous  system  (center)  which 
functions  dii-ectly  in  the  vnrioiis  s<^<cnal  procciwes.  It  i.s  com- 
mon to  si>eak  of  a  number  of  sexual  centers — <is  the  erection 
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eenter.  the  pjaculatorj-  center,  etc. — t)iit  wo  nnicli  ilmibt  whethpr 
tltArc  in  surli  iiharp  tliviHioii  nf  phytiioio^cal  la)>or  an  tlivi^o 
t«rii)»  imply,  and  they  are  liable  to  lead  to  miaconception :  ac- 
cmliitfEty,  in  the  present  Mate  of  our  knowledge,  we  prt-fcr  to 
)i|MNik  nf  the  8C-xital  center,  ii^iing  even  tliat  term  in  a  soiiiewhat 
bnjivl  *>en*o. 

The  cITM'tit  uf  stiraulatiun  of  the  si'xiiiil  organs  aro  not  con- 
fiuMl  to  tlio  partji  theiuxL'lve^.  but  the  Ingoing  impulsoH  set  up 
radiating  outgoing  <int's.  whii-h  iiflWt  widely  remote  areatt  of 
the  body,  as  is  evident,  espt-ciiiliy  in  the  vawular  cliangeo;  the 
central  current  of  nerve  influence  breaks  up  into  many  streams 
iw  ft  result  of  the  rapid  and  extensive  rise  of  the  outflowing 
current,  which  breaks  over  oniintiry  liarriers,  and  titki^  pathii 
which  aro  not  propi-rly  its  own.  Benring  this  fiu;t  in  mind, 
the  chcoiical  computiitiun  of  semen,  »o  rich  in  proteiil  and  other 
mulvrinl  valuuble  from  S  nutritive  point  of  vitiw.  and  consid- 
ering  how  the  sexual  appetites  may  engross  the  mind,  it  is  not 
(lifficnlt  to  understand  that  nothing  so  quickly  disorganizes  the 
whole  man,  physical,  mental,  and  moral,  as  sexual  exccitees, 
whether  by  the  use  of  the  organs  in  a  natural  way,  or  from 
nuwtiirbation. 

Nature  has  protoctod  the  lower  iiniinals  by  the  strong  bar- 
rier of  instinct,  so  that  habitual  i^cxuiil  excew;  i»  with  them  an 
impossibility,  since  the  females  do  not  jjerinit  of  the  approaches 
of  the  male  except  during  the  rutting  period,  which  occurs  only 
at  stated,  eomjiaratively  distant  perimis  in  most  of  the  higher 
maumials.  Whennmn  keeps  his  sexual  functions  in  subjection 
to  his  higher  nature,  tht^y  likewi^  tend  to  advance  his  whole 
development. 

8nininu7. — Certain  changes,  commencing  with  the  rijiening 
of  ova,  followed  by  their  discharge  and  conveyance  into  the 
uterus,  accompanied  by  simultaneous  and  subsequent  modifies* 
tioiu*  of  the  uterine  mucous  membrane,  constitute,  when  preg- 
nancy occurs,  an  unbroken  chnin  of  biological  events,  though 
usually  dciin'rilu'd  seiwrately  for  the  .wke  of  convenience. 
When  impregnation  does  not  result,  tht-re  is  a  retrogression  in 
the  uterus  (menstruation)  anil  a  return  to  gvnersl  quiescence 
iu  all  the  rv'productive  organs. 

Parturitiou  is  to  be  regarded  as  the  climax  of  a  variety  of 
rhythmic  occurrences  which  have  been  gradually  gathering 
hi«d  for  a  long  period.  The  chanpres  which  take  place  in  the 
placenta  of  a  degenerative  character  tit  it  for  being  ca-^t  ofl',  and 
nuiy  reudor  this  structure  to  some  extent  a  foi-eign  body  before 
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it  and  tho  foetus  an?  Gually  expuUod,  so  that  these  ehangea  mayj 
cunstiLutu  one  uf  a  iiumbor  of  exciting  causes  of  the  increased) 
ut«r)ne  action  of  parturition.    But  it  is  important  to  regard  tlio 
whole  of  the  occurrences  of  pregnancy  a»  a  connected  3crio8  of  j 
proca'iseB  co-ordinated  by  the  central  nervous  system  so  ii8  ' 
accomplish  one  great  end,  the  development  of  a  new  individual, 

The  nutrition  of  the  ovum  in  its  earliest  stage*  is  effected  by 
means  in  harmony  with  its  nature  as  an  amtxthoid  organism ; 
nutrition  by  tho  c^dls  uf  blowl-voswlii  i»  similiir.  whik-  that  by 
villi  may  bo  compart-d  to  what  takex  place  through  thu  agency 
of  similar  structures  in  the  alimentttry  canal  of  tbi«  adult  mam- 
mal. 

The  circulation  of  the  fcetus  puts  it  on  a  par  physiologically 
with  the  lower  vertebrates.  Befoi-e  birth  there  is  a  gradual 
though  somewhat  rapiil  preparation,  resulting  in  chnnges 
which  spcwlily  culminate  after  birth  on  (he  establishment  of 
the  permanent  condition  of  tlie  circulation  of  extra-uterine  life. 

The  blood  of  the  ftetus  (as  in  the  atlult)  is  tho  great  .store- 
house of  nutriment  and  tho  common  roceptivcle  of  all  wiutte 
products;  theso  latk-r  «ro  in  the  main  transfen-ed  to  the  moth- 
er's blood  indirectly  in  the  plftcunta;  In  a  Bimilar  way  nutri- 
mcut  is  imiwrted  from  the  mother's  blood  to  that  of  tho  fcetus, 
Tho  placenta  takes  the  place  of  digestive,  i-espiratory,  and  ex- 
cretory organs. 

Coitus  is  essential  to  bring  the  male  and  female  elements 
together  in  tho  higher  vertebrates.  The  erection  of  the  penis  ia 
owing  to  vascular  changes  taking  place  in  an  organ  composed  i 
of  erectihr  tissue ;  djaculation  of  semen  is  the  re.tnlt  of  the  peri- 
staltic action  of  the  various  parts  of  the  sexual  tract,  aided  by 
rhythmical  action  of  certHin  .striiied  muscles,  Tln.^  spermatozoa, 
which  tiri^  unicellular,  Qogellattid  (ciliated)  coUh.  make  up  the  e»- . 
sential  part  of  semuii :  though  the  latter  is  compliculed  by  the 
addition  of  the  secretions  of  several  glands  in  connection  with 
the  seminal  tract.  Though  competent  by  their  own  movements 
of  reaching  the  ovum  in  the  oviduct,  it  is  probable  that  tho 
uterus  and  oviduct  experience  peristaltio  actions  in  a  direction 
toward  tho  ovary,  at  least  in  a  number  of  mammals. 

Tho  lower  part  of  the  spinal  cord  is  the  seat  in  thu  higher 
mammals  of  a  sexual  oeuter  or  collection  of  cells  that  rvcoivea 
afferent  impulses  and  sends  out  efferent  impulsi-s  to  the  sexual 
organs.  This,  like  all  the  lower  centers,  i«  under  tho  control  of 
tho  higher  centers  in  the  brain,  so  that  its  action  may  ho  either 
initiated  or  inhibited  by  the  cerebrum. 
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ORGANIC  EVOHTTION   RBCONSIDERKD. 

Tho  studjr  of  reproduction  hiu  prepared  the  student  for  tbe 

iprtOumsion  of  certftin  vit-ws  of  tlio  origin  of  the  forme  of 
life  whifh  couM  uot  lx<  as  profit^ibly  fouHidtTt^d  befoie. 

Whilo  till*  gruat  mnjority  of  biologi^td  are  coiiviiured  lliat 
there  has  been  a  gradual  evolution  of  innre  complex  organisms 
from  simpler  ones,  and  while  most  believo  that  Darwin's  the- 
ory furnitihi's  some  of  the  elemenLt  of  a  eoiiition  of  the  prolilom 
u  to  how  this  lias  occuri'ed,  miuiy  still  fuol  that  the  whole  ex- 
planation n-us  not  furnished  by  that  grout  naturalist. 

Accordingly,  wo  shall  notice  vory  briefly  a  few  of  the  more 
important  contributions  to  this  subject  since  Darwin's  views 
wru  publi»hL-iI. 

In  Amurica,  under  the  influence  of  the  writings  of  Cope  and 
Hyatt,  a  school  uf  evolutionists  has  1>eon  formed,  holding  doc- 
trines  that  coustituto  a  modification  of  thos(<  announi?ud  in 
cruder  form  by  Lamarck,  hence  tinned  noo-Liimurckianism. 
Tliose  authors  have  inii>orted  consciansnea:!  into  ihr  list  of 
factors  of  organic  evolution  and  given  it  a  prominent  place. 
Tbey  n^gnrd  coruiciousness  as  a  fundamental  property  of  proto* 
pliun ;  it  determines  effort  nitd  the  direction  that  nctivity  shall 
take:  thus  hunger  leads  to  migration,  ami  brings  the  creature 
under  a  now  set  of  conditions  which  iulluenco  its  nature.  A 
certain  proportion  of  tho  cliungus  an  uuimal  uudergot-s  are  at- 
tributed to  the  direct  influence  of  surrounding  conditionti  (en- 
vironment), hut  the  larger  number  arc  owing  to  ufforts  involv- 
ing the  greater  use  of  some  parts  than  others,  which  tends  to 
Wcomo  habitual.  This  is  the  explanation  neo-Lamarckianism 
offers  for  the  origin  of  variations.  It  is  assumed  that  the  re- 
sults of  use  or  disuse  of  parts  is  inherited,  so  that  the  gain  or 
lo6s  is  not  transient  with  the  individual,  but  remains  with  the 
group. 

This  theory  also  refers  the  loss  or  preservation  of  certain 
rtructnrea  to  "  acceleration  "  or  "  retardation  "  of  growth ;  thus, 
if  the  growth  of  gills  were  greatly  and  progressively  retarded 
during  embr>"onic  lift-,  they  might  become  only  rudimentary, 
and  this  would  furnish  au  explanation  of  the  origin  of  nidinieiit- 
ary  organs,  though  it  is  clear  that  use  and  effort  could  not  di- 
rectly explain  such  acceleration  or  retardation.  It  is  further  a 
fact,  which  this  theory  does  not  explain,  that  all  variations  of 
structure  pruduoe<1  by  use  are  not  inherited. 
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Wcismann,  in  fact,  dcnios  that  ppcuHarities  acquired  (lur- 
ing the  lifotime  of  llio  atlult  are  passed  on  to  offspring.  This 
vrpiiiT  bt'lieves  that  wc  must  seek  in  Ainoiha,  as  tho  ancettti-al 
reprpsentative  of  the  ovum,  for  the  clew  to  thn  laws  nf  hcri'tiity. 
T!i«  Ani«>Im  innst  tUvide  or  c«ia«  to  c-xist  ns  ii  giimp  form — 
hpriw  tlir- scfEinuntatioti  of  tin*  ovum;  this  is  hnt  tliu  inhi-ritt'd 
tendi-'ni'y  to  divido.  What  the  individuul  hecomvs  is  doti'rmined 
entirely  hy  the  ovum.tho  whole  of  which  doe8  not  develop  into 
the  new  bpinif,  hut  a  iiart  is  laid  aside  in  reserve  a»  tht-  future 
ovnm.  Any  variations  that  show  themselves  in  future  indi- 
vidnals  are  such  as  arise  from  the  variations  of  tho  ovum  itself. 

According  to  this  writer,  it  is  as  natural  for  i\w  offspring  to 
resemble  t!ie  parent  (heredity)  in  the  higher  groups  of  aninudu 
as  that  one  Aniu»ba  eliould  resomblo  unothcr,  and  fur  the  same 
roasi'u. 

Weismann  has  also  attempted  to  explain  the  neceiitnty  and 
the  signiticance  of  the  extrusion  of  pnlar  glohules.  The  first 
polar  glotmhj  is  fxiielleil  from  all  ova,  even  thoso  that  can  de- 
velop indi-pendent  of  a  male  cell  (inuthenogenctic).  This  rep- 
resents thnl  piirt  of  the  original  ovum  which  duU<rmines  its 
pDcuIiarities  of  form,  l-Ic.  (ovogeuetic  idioplasm);  while  the 
second  polhr  glohule  is  one  half  of  the  nucleus  of  the  mttture 
ovum  really  to  enter  upon  development,  if  fertilised.  When 
tho  lattvr  takes  place,  it  i.*  joined  by  tho  corro-nponding  nuclear 
substanco  of  tho  mak*  coll  tu  form  the  sogmontation  nucleuf. 
It  is  this  substance  (gt^rm-plnsma)  which  determines  exactly 
what  line  of  development,  to  the  minutest  details,  the  ovum 
shall  follow.  In  the  course  of  time  the  nucleus  would  thus 
come  to  represent  many  generations  of  united  pla,smas.  There 
must  he  a  limit  to  this,  from  the  physical  necessities  of  the  case ; 
henco  tho  expulsion  of  a  second  polar  globule,  which  also  is  a 
provision  against  partheuogonesis.  for  in  some  cases  the  plasma 
of  the  nucleus  has  the  power,  without  the  accession  of  any 
male  plasma,  to  segment  and  develop  the  mature  animal.  But 
in  any  case  there  is  a  great  advantage  in  the  union  of  the  two 
plasmas  with  thoir  diverse  oxperioneos;  hence  sexual  repro- 
duction, though  the  most  costly  apparently,  is  in  reality  the 
most  economical  for  Kature  in  the  end,  for  higher  results  are 
reached,  and  it  seems,  in  fact,  that  this  lies  at  the  very  foun- 
dation of  organic  progress. 

The  theory  of  Brooks  may  be  regarded  aa  eclectic,  being  a 
combination  of  that  of  Weismann  and  Darwin  more  particu- 
larly, with  entirely  new  additions  by  himself. 
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Dnrwin  belicv«l  that  cvxTy  jwirt  of  tlic  body  gavo  off  "  gcm- 
inulw*,''  or  vvry  iiiiiiiitu  lioilk-s,  whioli  wc-ru  culk-otfil  into  tlic 
ovum,  an')  thus  tho  ovuiu  I'ttaio  to  bo  a  M>rt  of  ubstroct  of  tho 
whule  body — henw  thu  rvsL^tublaiicu  of  offspring  to  ])urc'Qt«, 
since  the  dtvoloiiment  of  th«  ovum  was  J»tit  that  of  tht-  gom- 
mules.  Some  of  the  gemmulcs  might  remain  lut^'nt  for  genera- 
tiong,  and  then  develop;  hence  that  I'esemblance  often  aeen  to 
ancestors  more  remote  than  the  parenta  (reversion).  This  is  a 
very  brief  account  of  Darwin's  hypothi-Rist  iti  jnt>i;imf»is. 

This  writer,  however,  never  uocountvd  for  vurintious.  Ho 
Kpoko  nf  variations  tut  "  Dtx^ntuneous."  uieaDing,  not  that  they 
wereiiupt^ritntiiml,  bnt  that  it  wus  not  jiositible  to  nHsign  them 
toaddfiititv  i:uu»e.  To  uccouut  for  variation  has  uatm-ally  been 
the  aim  of  later  writern^  Hovr  neo-Lamarckianism  does  this 
has  been  already  considered.  We  now  give  the  views  of  Bn>nks 
oil  this  and  other  points  in  connection  with  organic  evolution. 

This  thinker,  like  Weismnnn.  looks  to  tho  fertiliKed  ovum 
for  an  explanation  of  tho  main  fact«;  but  Brooks  ruforit  the 
origin  of  vnriations  to  the  influence  of  the  male  cell.  This  is, 
of  course',  a  pure  hypothesis,  hut  it  is  in  harmony  with  many 
fact«  which  were  in  neti]  of  explanation.  It  had  been  noticed 
by  Darwin  that  variations  of  all  kinds  were  most  apt  to  arise 
apon  alteration  in  the  conditions  ntitler  which  an  animal 
lived.  Brooks  also  believes  iu  genimules,  hut  does  not  think 
they  are  given  olT  from  all  part«  o()iiul1y  or  at  all  times,  but 
t)t»t  they  Hn  derived  from  those  parts  most  affected  by  the 
change  of  surroundiugs ;  and  since  this  would  influence  parts 
much  whoD  for  the  worse,  variution  would  coincide  with  i^uf- 
fering  or  need ;  hence  thoso  very  parts  would  vary,  and  so  pre- 
pare for  adaptation,  jnst  when  this  was  most  called  for  by  the 
nature  of  the  case.  But  the  male  sexual  element,  it  has  been 
shown,  is  more  liable  to  variation  than  the  ovum ;  hence  the  ex- 
planation of  what  Brooks  believes  to  be  a  fact,  that  it  \»  tho 
sp^-nu-coU  that  gouerHlly  is  responsible  for  variation,  tiiuco  it 
chieSy  collects  the  gemmules. 

The  author  of  this  theory  points  to  partlienogenotic  forma 
being  less  variable,  as  evidence  of  the  truth  of  his  view.  To 
introduce  a  male  cell  is  to  impart  vast  numbers  of  now  gem- 
ninlus.  and  thus  induce  variability.  This  hypothesis  would  ex- 
plain why  the  female  represents  what  is  most  fundamental  and 
ancient  in  the  histfjry  of  p.^'yehologiial  development,  and  the 
male  frhat  U  as>toi?iat<<d  with  enter|)ris('— in  a  word,  tho  female 
prmerves,  tho  male  originnt<.-s,  in  tliu  widost  xcnse. 
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Vines  has  stAted  that  tlio  eijuivalent  of  parthenof*eneaifi 
takes  place  in  the  male  cell  in  plants.  Though  this  may  be  an 
objt'ction  to  the  nniversality  of  appliration  of  Brooks's  theory, 
it  ilotys  not  soem  to  uh  to  be  fatal  to  it  tut  a  whole. 

Am  has  Iwen  pointed  out,  in  a  preHous  chapter,  Darwin  held 
that  thi>  (litTorences  that  caused  ultimately  the  formation  of 
now  groups  of  living  forms  were  the  result  of  extremely  slow 
m'ininiulatiou  of  variationa,  ttt  first  very  minute.  He  every- 
where inBists  upon  th)H.  But,  unquostiunalily,  it  is  just  hem 
that  the  greatest  Jifficulty  is  to  be  encountiTod  in  the  Darwin- 
ian account  of  evolution.  The  chanoes  against  the  loss  of  the 
variation  by  breeding  with  forms  that  did  not  possess  it  swm 
to  be  uunierous,  hence  various  theories  have  been  proposed  to 
lussi-n  tho  difHculty. 

Mivart  introduci-d  the  doctrinw  of  exlnwnlinttry  births,  bo- 
lioving  that  variations  weru  often  sudden  and  pronouncod. 
That  they  wore  so  occasionally  Darwin  himself  admittind ;  but 
he  considert'd  a.thaory  like  that  of  Mivart  as  a  surrender,  a 
resort  to  an  explanation  that  verged  in  its  character  on  the" 
introtluction  of  the  supernatural  itself, 

A  view  that  haa  attracted  much  attention  and  caused  a 
groat  dwil  of  conti-ovei-sy,  is  that  of  Romanes,  which  was  intro- 
duced in  part  tomeet  the  difficulty  just  referred  to;  and  to  lessen 
the  furthar  one  arising  from  tho  infertility  of  species  with  uno 
another,  as  compared  with  tho  perfect  fertility  of  varieties.  It 
has  often  bi>L-n  noticed  that,  though  the  iHffercnco  anatomically 
between  varieties  might  bo  greater  than  between  species,  the 
above  law  as  to  fertility  still  held.  Snch  a  fact  calls  for  ex- 
planation :  hence  Romanes  has  proposed  his  theory  nf  "physi- 
ologicjil  selection"  (segregation,  isolation).  If  it  be  admitted 
that  some  change  may  take  place  in  the  sexual  organs  of  two 
f<)rms  so  that  the  moinljers  of  one  are  fertile  with  each  other 
whik'  those  of  the  other  are  not,  it  will  at  once  appear  thftt 
tlioy  are  as  much  isolated  physiologically  as  if  separated  \>y  an 
ocean.  That  such  does  take  place  is  an  assumption  based  on 
the  great  tendency  in  the  reproductive  organs  to  change ;  and 
it  is  claimed  that,  if  this  assumption  he  granted,  that  the  main 
difficulty  of  Darwin's  theory  will  be  removed,  for  the  "  swamp- 
ing" action  of  intercrossing  form*)  that  vary  slightly,  or  one  of 
them  not  at  all,  in  the  given  direction,  will  not  occur.  RomanM 
believes  that  forms  that  vary  are  fertile  rii/j-r  se,  but  not  with 
the  part-nt  forms,  which  would  meet  the  case  fairly  weU.  Oor- 
taiu  it  i«  that  species  are  not  generally  fertUe  with  one  an- 
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Athcr  while  varietice  nre  !<o  invnriahly:  anri  it  it*  thi»  t]int,  in 
till'  opinii^ii  of  Romanes  nnd  many  otiiers,  Iiim  never  bec-u  atlb* 
qnati'ly  oxplniniKl.    , 

Admitting  tliat  the  theories  of  Romanos,  Brooks,  and  Wris- 
mauri  have  advanced  ua  on  the  way  to  more  complete  views  of 
tin-  mode  of  oritfin  of  the  forms  of  the  organic  world,  it  must 
still  be  felt  that  all  theories  yet  propounded  fall  short  of  hfiiig 
entirely  satisfactory.  It  seems  to  us  unforlunuto  that  the  sub- 
jec't  has  not  receivwl  more  attention  from  physiolugists,  aa 
without  doubt  the  tirial  xolution  must  come  through  that  sci- 
enoe  which  deals  with  the  pn.)!*!^!*  rather  than  the  forms 
of  protoplasm ;  or.  in  other  words,  the  fundamental  principles 
underlying  organic  evolution  are  physiological.  But,  in  the 
unraveling  of  n  stihjoct  of  »uch  cxtrL-mo  complexity,  all  sci- 
ences must  probably  contribute  their  quota  to  make  up  the 
truth,  as  many  rays  of  different  colors  compounded  form  white 
light.  As  w'ith  other  theories  of  thp  inductive  sciences,  none 
can  be  niori-  than  temporary;  there  iiin.st  he  con.stant  modifl- 
cation  to  meet  increa.ting  knowledge.  Comtcious  that  any 
▼lews  wo  ourselves  adviuice  must  sooner  or  later  be  miKlified 
as  all  other*",  even  if  acceptable  now.  we  venture  to  lay  Ix-fore 
tlie  reader  the  ojtinions  wo  have  formed  upon  thia  subject  as 
the  result  of  considerable  thought, 

AH  vital  phenomena  may  be  repfarded  as  the  resultant  of 
the  action  of  external  conditions  and  internal  tendencies.  Amid 
(he  ermstnnt  change  which  life  involves  we  recngniise  two 
things:  the  tendency  to  retain  old  modes  of  behavior,  and  the 
'■  ■  '  V  1(1  nu'dificntion  or  variation.  Since  those  inijmlses 
■  ■  _.  I  ly  Ix-stowud  on  matter  when  it  became  living,  niu.st.  in 
order  to  prevail  against  the  forces  from  without,  which  tend 
to  destroy  it,  have  considerable  potency,  the  tendency  to  modi- 
fication is  naturally  and  necessarily  less  than  to  {lermanunco  of 
form  and  function. 

Trom  these  principles  it  follows  that  when  an  Am^pba  or 
kindred  organism  divides  after  a  longer  or  shorter  period,  it  is 
not  in  reality  the  same  in  all  respi>cls  as  when  its  existence 
b«-giin,  though  we  may  l>e  quite  unable  to  deti^t  the  clianpes; 
and  when  two  infuttorians  conjugate,  the  one  brings  to  the  other 
pnitoplasm  different  in  molwtilar  behavior,  of  nr>ces!<ily,  from 
having  had  dilT-T^mt  ex|icricnccs,  Wi?  ul  tnch  great  impnrlance 
to  theae  principle*),  us  they  SL>em  to  ut)  to  lie  at  the  root  of  the 
whole  matter.    What  ha«  beeu  aaid  of  these  lower  btit  Jnd^ 
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pendent  forms  of  life  appHos  to  lli«  higher.  AH  orgunisma  are 
made  up  wf  cells  or  aggmgatiuar)  of  cidls  and  their  protlucta. 
For  the  present  we  may  disregard  the  latter.  When  a  muscle- 
cell  by  division  givea  rise  to  a  new  fell,  the  latter  ia  not  identi- 
cally the  i^anie  in  every  particular  as  the  parent  cell  wait  »rigi- 
nully.  It  is  what  its  parent  him  hecome  by  virtue  o!  tivife 
expL>rivnces  it  tiAS  hiul  lui  a  tiiUMcle-rell  /Mr  ae,  and  an  n  member 
of  a  populous  biulogical  oommiiiiity,  of  the  cumph'xiliu»  of 
which  we  can  scivrcL-ly  t^oucuivu. 

Now,  as  a  body  at  nvit  may  rumaiu  so,  or  may  move  in  a 
certain  direction  according  aa  the  forces  acting  upon  it  exactly 
counterbalance  one  another,  or  produce  a  resultant  effect  in 
the  direction  in  which  the  body  moves,  so  in  the  case  of  he* 
redity,  whether  a  certain  quality  in  the  parent  appears  in  the 
offspriu^,  depends  on  whether  this  quality  is  neutralized,  au^- 
montod,  or  otherwise  mijililitid  by  any  corresponding  quality  iu 
the  other  pni-eut,  or  hy  some  opposite  quality,  taken  in  ooiinoc- 
tion  with  tUu  iliroct  mfluouvc  of  the  ouvironmclut  d,ui'iug  dovel> 
opment^ 

This  assumption  (.'explains  among  other  things  why  acquired 
peculiarities  (the  results  of  accident,  habit,  etc.)  may  or  may 
not  be  inherited. 

These  are  not  usually  inherited  because,  as  is  to  bo  expect- 
ed, those  forces  of  the  organism  which  have  been  gathering 
bond  for  nges  are  naturally  nut  easily  tiirnM  uxid«.  Again,  we 
urge,  liorodity  mu-H  he  more  pronouiic(*d  than  vuriutiou. 

The  ovnm  and  sperni-cell,  like  all  other  culls  of  the  body, 
are  microcosms  representing  the  whole  to  a  certain  extent  in 
themselvus — that  is  to  say.  cell  A  is  what  it  is  hy  reason  of  what 
all  the  other  millions  of  its  fellows  in  the  biological  republic 
are ;  so  that  it  is  possible  to  understand  why  sexual  cells  repre- 
sent, embody,  and  repeal  the  whole  biological  story,  though  Lt 
is  not  yet  pusttible  to  indicate  exactly  bow  tliey  more  than 
otherii  linve  this  power.  Tlii.-*  fnlls  under  the  laws  of  «peciali- 
Kutiou  and  the  physiological  division  of  labor ;  but  uloug  what 
paths  thoy  have  rooofaed  this  we  can  not  determine. 

Strong  evidence  is  furuishud  for  the  above  views  by  the  his- 
tory of  disease.  Scar-tissue,  for  example,  continues  to  repro- 
duce ibwlf  as  such;  lihe  produces  like,  though  in  this  instance 
the  like  is  in  the  first  instance  a  departure  from  the  normal. 
Gout  in  Well  known  to  be  a  hen^litary  di.tease ;  not  only  so,  but 
it  aris<^'s  in  the  offspring  at  about  the  same  age  as  in  the  parent, 
which  is  uquivuluat  to  eaying  tbat  in  the  rhythmical  life  of 
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eertain  colls  a  pi'rioil  is  r>_-a<?)ie(l  wlion  they  (liHpluy  tli«  boliAv- 
ior,  pliyniologioally.  of  thuir  parents.  Y»t  gout  is  a  disease 
that  can  be  traced  to  peculiar  hahita  of  living  and  may  be 
eventaally  escaped  by  radical  clianffes  in  this  respect — that  is 
to  aay,  the  behavior  of  the  cells  leading  to  ^out  can  be  induced 
and  can  be  altered ;  ^ut  ir  hereditary,  yet  eradicablt*. 

Just  a»  gont  may  bo  set  up  by  fonnntion  of  pertain  modds 
of  action  of  tho  ccIIh  of  tho  iKMly.  so  may  n  modo  of  hohavior,  in 
thf  ner\"oua  ayst^m,  for  exiimplo,  bocomi*  urganizod  or  fixed,  be- 
come a  babit.  and  so  be  trensmitled  to  offspring.  It  will  pass 
to  the  descendants  or  not  according  to  the  principles  alreaily 
notice*].  If  so  lixed  in  the  individual  in  which  it  arises  as  to 
predominate  over  more  ancient  methods  of  cell  behavior,  and 
not  neutralised  by  the  strenKth  of  the  normal  phy!<iologica1  ac< 
tion  of  the  oorrosi>onding  partes  in  the  other  parent,  it  will  reap- 
pear. We  rtu»  never  determine  whether  this  is  so  or  not  heforo- 
band ;  hence  tliu  fact  thai  it  is  im]iossible.  espocially  in  tlio  case 
of  Eoan,  whose  vital  processes  are  so  modified  by  his  psychic 
lift*,  to  predict  whether acquirutl  variations  shall  become  heredi- 
tary; hence  also  the  irregularity  which  characterizes  heredity 
in  such  cases;  they  may  reappear  in  offspring  or  they  may  not. 
In  viewing  heredity  and  modification  it  is  impossible  to  get  a 
tmi>  iiL-iight  into  the  matter  without  fjiking  into  the  account 
l»oth  original  natural  twideiifies  of  living  matter  and  the  influ- 
ence of  environment.  Wc  only  know  of  vital  manifestations 
in  Honw  environment ;  and.  so  far  as  our  experience  goes,  life  is 
impossible  apart  from  the  influence  of  surroundings.  With 
these  general  principles  to  guide  us,  we  shall  attempt  a  brief 
examination  of  the  leading  theories  of  organic  evolution. 

Kirsl  of  all,  Spencer  seems  to  be  correct  in  regarding  evolu- 
tion as  universal,  and  organic  evolution  but  one  part  of  n 
whole.  No  one  who  looks  at  the  facta  presented  in  ever}'  field 
of  natnre  can  doubt  that  stniggle  (opposition,  notion  and  reac- 
tion) is  universal,  and  that  in  the  organic  world  the  fitte.st  to  a 
given  environment  survivtvi.  But  Darwin  has  probably  fixed 
his  attention  too  closely  on  this  principle  and  attempted  to  ex- 
plain too  much  hy  it,  as  well  as  failed  to  see  that  there  are 
other  dee[>er  facts  nndertying  it.  Variation,  which  this  author 
scarcely  attempted  to  explain,  seems  to  us  to  be  the  natural  re- 
sult of  the  very  conditions  under  which  li\ing  things  have  an 
existence.  Stable  equilibrium  is  an  idea  incompatilile  with  our 
fuHditniental  r-om-eptions  of  life.  Altfred  function  implies  al- 
teiKl  molecular  action,  which  sometimes  leads  to  appreciable 
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Btructural  clinugo,  Fruui  our  ooiiuopt.ioti)«  of  Iho  oaturo  of  liv- 
ing Drntter,  it  iiutiirully  r'jlluw.-^  that  variation  itbouM  ho  great- 
est, as  htm  l>eoii  ub^rvutl,  undur  tlio  grt.-uti«t  bUvmtion  in  the 
aurrnim<liiigs. 

W©  am  but  very  imptirffctly  acquainted  ns  yet  with  liie 
oonditiniiit  under  wliicli  lifo  i>i;i»tiMl  in  the  earlier  ejinchs  of  the 
ea,rth'8  histury.  Of  late,  deep-sea  fioiindinRS  anil  iii'ctio  exi»Ii>. 
rutions  have  brought  HurpHtting  facts  to  light,  showing  that 
living  mnttt-r  vuu  t^xist  under  a  greater  variety  of  euuditions 
than  WHD  previously  suppost-il.  Thu!«  it  turns  uut  that  H^ht  is 
not  an  essentlnl  for  life  every whero.  Wo  think  these  recent 
revelations  of  unexpected  facts  should  rauke  uh  cautious  in  as- 
Buming  tltat  life  nlways  manifested  it^lf  under  conditions 
clately  ftimilar  to  thiwe  we  know.  Variation  may  at  one  period 
have  been  more  sudden  and  marked  than  Darwin  suppoi^es; 
Hnd  Ihwre  does  seem  to  be  room  for  such  a  conception  an  the 
"extraordinary  births"  of  Mivart  implies;  though  wo  would  not 
have  it  uaik-r!st,ood  tlint  we  think  Darwin's  view  of  slow  modi- 
fication inadei^uute  to  protlucoanew  itpecie»;  we  simply  vent- 
ure to  think  thut  lie  was  not  justified  in  insisting  so  strongly 
that  this  was  the  only  method  of  Nature ;  or,  to  put  it  more' 
justly  for  the  great  author  of  the  "  Origin  of  Speeies."  with  (lie 
facts  that  have  aeL-umulated  since  his  time  he  would  scoruely 
be  warranteil  in  maintaining  so  rigidily  his  conviction  that 
new  forms  arose  almost  exclusively  by  the  slow  process  he  haa 
80  ahly  described. 

As  tb«ro  must  bo  all  degreos  \A  consciousness,  wo  do  not 
deny  that  it  may  be  loj^ical  t^(  assume  some  dim  s|Hirk  of  thia 
quality  in  all  protoplasm,  as  Cope  insists;  iind  that  it  pliiys  a 
part  in  determining  action  and  growth  there  seems  to  be  no 
doubt.  But  is  it  not  more  philosophical  to  regard  comtcious* 
ness  and  all  allit^l  (lualitie^  as  eorrelntivt-^,  and  underlaid  by  a 
moltfCular  constitution  with  which  it  is  associated  us  other  ([ual- 
itics  y    It  is  unduly  exalted  in  the  neo-Liimarckian  philosophy. 

We  must  allow  a  great  deal  to  ime  and  effort,  doubtless,  and 
they  explain  the  origin  of  variations  up  to  a  certain  point,  hut 
the  solution  is  only  partial.  Variations  must  ai'ise  as  we  have 
attempted  to  uxplniu,  and  use  and  disuse  are  only  two  of  Uia 
factors  luuid  many.  Correlateil  growth,  or  the  chnagcs  in  one 
piu't  induceil  by  clianges  in  another,  is  a  principle  which,  though 
recognized  by  Darwin,  Cope,  and  others,  has  not.  wo  think.  n>- 
oelved  the  attention  it  deserves.  To  the  mind  of  tho  physiolo- 
gi6t>  all  changes  must  be  correlated  with  uthors. 
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This  principle  has  pluyml  a  groot  purt  in  iho  (lovelupmeot  of 
man,  as  vro  shall  shun*  later. 

Weifimann'a  theories  have  calleil  attention  to  the  o\'um  in  a 
new  and  valuable  way,  though  he  seems  to  have  given  ton  ex- 
clusive attention  to  the  nucleus  {germ-jtlasma)  \\\  itself  and 
out  of  rflatiou  to  the  iufluence  of  the  countless  celln  that 
miikf  up  thp  hody  and  »umt  lie  coiislnntly  det«)'taiiiing  mofU- 
ficntious  of  the  geuorntive  organs  und  ttio  soxunl  colU  thvm- 
solvus;  «■>  that  Brooke's  uxjitaiiatioit,  by  adding  a  n<;w  fiK-tm', 
or,  at  Ii-aal,  pifOfnting  a  iifw  aspect  of  tUo  ousu,  waa  ciilk-d 
for  and  ^■fUis  to  bu  warrnatud  on  th«  gonural  priiiciplu  that 
advant'*^)  iu  protoplasmic  lifp  is  dt'iwndent  on  now  uxpcriuncon, 
and  that  the  male  cell  represents  a  little  world  of  the  concen- 
trated experience*  gathered  during  the  lifetime  of  the  or- 
ganism that  produced  it.  But  we  mutit  consider  the  whole 
doctrine  of  gemmalee  as  a  crude  and  entirely  unnecessary 
b)'pothe8iB. 

In  what  aenae  has  the  lino  that  evolution  hiw  taken  been 
Ifftdetermined  i  In  the  aomo  that  nil  thingx  iu  the  universe 
are  unstable,  are  undergoing  diangiv  leading  to  now  form»  and 
qnalitlM  of  such  a  eliarnoter  that  they  result  In  a  gradual  prog- 
ress toward  what  our  minds  can  not  but  consider  higher  moni- 
feetations  of  lieing. 

The  secondary-  methods  according  to  which  this  takes  place 
oonsttttite  the  laws  of  nuturo.and  ii!s  wo  l^tarn  from  the  progress 
of  «cionc«  are  ver>'  numerous.  The  unity  of  nature  is  a  tv^aX- 
ity  toward  which  our  coneeptiouii  iiru  consttmtly  leading  uit, 
Rvoluiiou  is  tt  uoctfSHtty  of  living  matter  (indued,  all  mutter)  as 
we  view  it. 
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One  Tisiting  the  ruins  of  a  vast  and  elaborate  building, 
which  had  been  thoroughly  pullefl  to  pie<^eR,  would  get  an 
amount  of  information  relative  to  the  original  strur-ttire  and 
uses  of  tiie  various  p«irt«  of  tho  edifice  largely  in  proportion  to 
hiM  familiarity  with  ur(.'hiteclure  and  the  various  trades  which 
make  that  art  a  practical  success.  The  study  of  the  chemistry 
of  the  animal  body  is  illustrated  by  such  a  case.  Any  attempt 
to  determine  the  exact  chemical  composition  of  living  matter 
nnst  result  in  its  de»tructt<in;  and  the  amount  of  information 
cNMiTeyed  by  the  examiuuliouof  the  obectical  ruiit8,soto8peak. 
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will  depend  a  groat  deal  on  the  knofflodge  already  possessed  of 
chemical  and  vital  procvsses. 

It  i«  in  all  probability  true  that  the  nature  of  any  vital  pro- 
cess is  at  all  eventa  closely  bound  up  with  the  cliciiiii-ul  chaut^es  ! 
involved ;  but  we  must  not  go  ttxi  far  in  this  direction.  We  are! 
not  yot  prepai"ed  to  say  that  life  is  only  tlif  manifestation  of 
certain  chontical  aud  physical  procossirs,  meaning  thereby  stirh 
chemistry  and  physics  as  ure  known  to  us ;  nor  are  we  prepared 
to  go  the  length  of  thuse  who  regard  life  as  but  the  equivalent 
of  some  other  force  or  forros ;  as  electricity  may  bo  considi^-rod 
aa  the  transformed  representative  of  8ti  much  heat  and  vice 
verxa.  It  may  be  so,  but  we  do  not  consider  that  this  view  ig 
warranted  in  the  present  state  of  onr  knowltidgu. 

On  th(^  other  hand,  vital  phenomuna,  whun  our  invostiga- 
fciona  are  pushed  far  enough,  always  seem  to  be  closely  asso- 
ciated with  chemical  action  ;  henco  the  importance  to  the  stu- 
dent of  jdiysiology  of  a  sound  knowledge  of  chemical  princi- 
ples. We  think  the  most  satisfactory  method  of  studying  the 
functions  of  an  organ  will  be  found  to  be  that  which  takes  into 
COT  I  si  deration  the  totality  of  the  operations  of  which  it  is  the 
sent,  together  with  its  structure  and  chemical  composition; 
htinoe  we  slmll  treat  chemical  <letiiils  in  the  chapters  devoted  to 
special  physiology,  and  hon^  give  only  such  an  outline  as  will 
bring  before  the  view  the  chemical  composition  of  the  body  in 
its  main  outlines;  and  even  many  of  these  will  gather  a  signifi- 
cance, as  the  study  of  physiology  progresses,  that  they  can  not 
possibly  have  at  the  present. 

Fewer  than  one  third  of  the  chemical  elements  enter  into 
the  composition  of  the  mammalian  body  ;  in  fact,  the  great 
bulk  of  the  organism  is  composed  of  carbon,  hydrogen,  nitro- 
gen, and  oxygen ;  sodium,  potassium,  magnesium,  calcium, 
sulphur,  phosphi>rus,  ohlorino,  iron,  fluorine,  silicon,  though 
occurring  in  very  smnll  quantity,  seem  to  be  indispensable  to 
the  living  body;  while  certain  others  are  evidently  only  pres- 
ent as  foreign  bodies  or  impurities  t«  be  thrown  out  sooner 
or  later.  It  need  scarcely  be  said  that  the  elements  do  not 
occur  as  such  in  the  living  body,  but  in  combination  form- 
ing salt.4,  which  latter  are  usually  united  with  albuminous 
compounds.  As  p^e^"io^flly  mentioned,  the  various  parts  which 
make  up  the  entire  body  of  au  aninifil  are  composed  of  living 
matter  in  very  diflFerent  degrees;  hence  we  find  in  such  parts 
as  tho  bones  abundan^'e  of  salts,  relative  to  the  proportion  of 
proteid  matter;  a  condition  demanded  by  that  rigidity  without 
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which  an  internal  skeleton  wcmtcLbeiiS9leaB,a4lerect  veil  iI1ti»< 
tnite']  l»y  lliftl  iliwHse  of  the  bonea. known  as  rickets,  in  which 
tho  limc>8it1t«  are  insuflicient.  It  i»  maiiiffot  that  there  may  he 
a  vory  gmnt  vnriotj  of  class! Bcatiunit  of  the  ooinpouiiiU  foiind 
io  the  aoimal  body  acconling  as  we  regard  it  from  a  chi-miciil, 
physical,  or  physiological  point  of  vi«w,  or  combine  many 
aispects  in  one  whole.  The  latter  is,  of  course,  the  most  correct 
auil  profitable  metliod,  and  as  such  is  impossible  at  this  stage 
of  thft  student's  |iriisi''^*« ;  wt'  shall  simply  present  him  with  tho 
following  outline,  which  will  be  fouml  both  sinkph-  nnil  com. 
prehensive.*  The  subject  of  Aninml  Chemistry  will  he  found 
treatet]  in  detail  in  the  Appendix. 

CQBXICAL  CONSTITUTION  OF  THK  BOOV. 

Such  food  M  supplies  energy  directly  must  contain  carinm 
comT»ounds. 

Lining  matter  or  protoplasm  always  contains  tiiirotjenoiis 
carbon  compounib. 

In  coiii«<«c)ucnce,  C,  H.  O.  N,aro  tho  elements  found  in  great- 
eel  nbuudaricu  in  tliu  body. 

The  elemi-ntu  S  trnd  P  are  associat<.'d  with  the  nitrogenous 
carbon  compounds ;  they  also  form  metallic  sulphates  and  phos- 
phatfls. 

CI  and  F  form  snlt.'i  with  the  alkaline  metals  Na,  K,  and  the 
earthy  metals  Cn  nn<l  Mg. 

Fo  is  found  in  btemoghbtn  and  it«  derivatives. 

Protoplasm,  when  submitted  to  chemical  oxaminaMon,  is 
killed.  It  is  then  fouml  to  con.sist  of  pi-oteids,  fiits.  curhohy- 
dratea,  salines,  and  t-xtract  ive«. 

!l  is  probable  that  when  living  it  has  a  very  complex  mole- 
cule consisting  of  C,  H,  O.  N,  S.  and  P  chiefly. 

PROXIMATE  PRINCIPLES^ 

/  ,      „.  )  PntWiiU. 

.    ^ ,  Ua)  N.lroKflnouw.  }  Cortsln  orr»l«ll!i.o  f^xllss. 

1.  Organic.     <  .  e„rboi.ydnii«.. 


„    ,  .      t  HinCTul  Halt*. 

8.  Inorganic.  {^,^^^_ 


)  Fats. 


SAl.Ta. — In  general,  tlu<  snlte  of  sofFiiint  are  moro  charactpris- 
tic  of  aninud  tissues  and  those  of  jto/u.isium  of  veijtUihlc  li»sues. 

*  Taken  tram  tlw  autbor'a  "Outlliwaof  IjWtQKa  on  Phfstology,"  W.  Dryid&U 
JtC«„HonUML 
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Na  CI  is  more  abundant  in  the  fluids  of  animatci ;  K  and 
phosphsU^  more  abiindnni  in  the  tiaawea, 

Earihy  saltn  are  most  nbiimlant  in  tlie  bnnler  tiiuniei^ 

Th«  MillR  are  probably  nut  mtioh,  if  ul  all,  clumged  in  their 
pa«g&go  through  the  body. 

In  suuiu  ca»e!t  there  is  A  chango  from  acid  to  neutral  or 
alkalino. 

Tliu  as-Ux  tiro  es.scntial  to  pri'sorvu  tlif  balEUicu  of  tlio  nutri- 
tive procut^L«.    Tlioir  ubsencv  lea<U  to  di»eai(0,  e.(f.,  iKurvy. 

GEN'KRAL  CHABACTERI8TIC8  OF  rnOTKIDS. 

Thoy  nrc  ihe  chief  constituents  of  most  UWng  tlRSues,  in- 
cluding bkicid  and  lymph. 

The  moluoule  comtiats  of  a  great  number  of  atoms  (complex 
constitution). (Uid  18  foi-m^il  <if  the  ek<mentsC,H,N,0,S,and  P. 

All  profct"iil>t  are  amorplious. 

All  art'  non-di£FusibIf.  tin-  jirptunes  exceptoti. 

They  aru  sulubk-  in  ittrong  ai^'ids  and  ulkniios,  with  chaugo 
of  propertitfB  or  coii»tilutioii. 

In^jenoral.thi'y  uri't'OftguiatL'd  byali;ohol,othL'r,(ind  hfating. 

Coagulated  protuid»  are  soluble  only  lu  strong  ucids  and 
aiknlies. 

Classification  and  Diftfimjuishing  Charanffrs  nf  Proleuls. 

I.  Naiice  albmnins :  Serum  albumin ;  ogg  albumin;  ^luble 
in  water. 

•i.  Derived  albumins  ((dbuminales):  Acul  and  alkali  albu- 
min: casein;  soluble  in  dilute  acids  and  alkolieii,  insoluble  in 
water.     Not  iirecipitated  by  boiling. 

3.  Olol/nliDn:  Globulin  (globin) ;  paraglobulin ;  myosin; 
fibrinogen.  Soluble  in  dilute  »nline  solutions,  and  precipitated 
by  stronger  .saline  solutionti. 

i.  Pfjilnnrit:  Soluble  in  water;  diffusible  through  animal 
mt-nibriinfi* ;  not  procijiiUited  by  acids,  ftlkalies,  or  heat,  De- 
rivwl  from  the  digestion  (pt-ptie.  panereatic)  of  all  proteids. 

9.  Fibrin:  Insoluble  in  u-utt-r  and  dilute  xaline  si^lutions. 
Soluble,  but  not  readily,  in  strong  saline  solutions  And  in  dilute 
acids  and  uUcalies. 


CERTAIN   NON-CBTSTALUNE   BODIES. 

The  following  IxMlies  are  allied  to  proleids,  but  are  not  the 
equivak-uta  of  the  latter  in  the  food. 
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They  are  all  onmposed  of  C,  H,  N,  O.  CbondriD,  gelatin, 
ceratiu  have,  ta  wldition,  S. 

Chonttrin :  The  orRoiiic  basis  of  cartilage.  Its  solutions 
eet  into  a  tirtu  jelly  on  Rocding, 

Oelafin :  The  organic  basin  of  bone,  toeth,  t«ndou,  etc.  Its 
solutions  sot  (glue)  on  cooling. 

EiaMin  :  The  biu(ig  of  elastic  tiiwuc.  Its  solutions  do  not  set 
jcUy-liko  (giilntiuizv). 

J/mcim;  From  tlit-secrt'Hon  of  mucous  membranes;  preclpi- 
laiwi  by  acetic  ac-id,  and  inB")luble  in  excess. 

Keratin  :  Derived  from  hair,  nails,  epidermis,  horn, feathers^ 
Highly  insoluble. 

Suelein:  Dtrived  from  tlie  nuclei  of  colls.  Nut  digested 
by  {wpsin ;  contains  P  but  iio  8. 

THB  FATS. 

The  fatji  are  hydronarbons ;  nro  loss  oxidized  than  the  cnrbo- 
byilrutes;  are  inUammnblo;  possess  luti-ut  energy  in  a  high 
degree. 

Chemically,  the  neutral  fatji  are  glyceridea  or  ethers  of  the 
fatty  aoid».  i.  o.,  tlio  uoid  nuliclos  of  tlip  fatty  at-idB  of  the  oleic 
and  acetic  eerius  rvphice  the  exchangeable  atoms  of  H  in  the 
triatomic  alcohol  glycerine,  e.  g. : 

n(j«vrlB«.  hloUlic  add.  Oljorrlne  trlpttlmllauxir  ittlnilUii. 

.  OH      H().<X^C„H„  i  O.Ci  ).C..  H„ 

CJl, ;-  OH  +  HO.OC.C,»H„  =  C,H.  ]  O.CO.C,.H«  +  3H.0 
)  OH      HO.OC.C..H,,  ( O.CO.C,.H„ 

A  aoap  is  formed  by  the  action  of  caustic  alkalies  on 
fata,  e.  g. : 

TMpalinlila.  Pouailiun  piilinlliil« 


C.H. 
(C«H 


^;,^,Jo..3(KoH)  =  3J(g^«)o}.^'U;!.a 


Tbu  soap  may  bo  dccompost-d  by  a  strong  acid  into  a  fatty 
acid  and  glycuriuo,  o.  g. : 

0„H„.CO.K  +  HCl  =  C,.H„.CO.H  +  Ka 

PiiCAinlum  fttioillACf.  PaIuiIIIouHL 

The  fata  an  insoluble  in  water,  but  soluble  in  hot  alcohol, 
ether,  rhbiroform,  etc. 

The  alkatitie  soaps  are  soluble  in  water. 
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Most  animnl  fata  are  inixtiin><i  of  several  kincJs  in  varying^ 
proportion  ;  hence  the  melting-point  fi>r  the  fat  of  each  c^pccies 
of  auimiil  is  different. 


PKCCLIAR   PATS. 

Lecithin,  Protayon,  C'erebrin  : 

Thi-y  consist  of  C,  H,  N,  O,  und  the  first  two  of  P  in  addi- 
tioii. 

They  occur  in  the  nervoitu  tissues. 

CARBOHYDKATKa 

Gkncral  formula.  C.  (HtO).. 

1,  TllK  Sugars:  Dt.rtro.Ht,  or  grapf-sugar,  C,H,/),  +  H,0 
readily  uiulergoua  aU-uhoHc  f(!rmuut«tiun ;  less  readily  lactic 
fermentation. 

Lactose,  Ta\Xk-8agar,C„U„0„  +  H,0;  susceptihle  of  the  lactic 
acid  fermentation. 

Iiioxif,  or  muHt'le-BUgar,  C.H|,0,  +  2H,0 ;  capahle  of  the  lac- 
tic fermentation. 

Mallosr;  Ci,Hb(Xi  +  H,0,  capable  of  the  alcoholic  fermpntar- 
tion.     The  chief  siijfar  of  the  digestive  process. 

All  the  above  are  ninch  less  sweet  and  .suluMu  than  ordinary 
canv-sugar. 

S.  The  Starches:  G/i/cogc«,  C(H,oO,.  convertible  into  dex- 
trose. Occurs  ubuiiditntly  in  many  fujtal  ti&HUos  and  in  tho 
iivor,  especially  of  tliu  adult  animal. 

Dexlriii,  C.H.i,0„  convurtihly  into  dextrose.  Soluble  in 
wat^r;  intermediate  between  starch  and  dextrose;  a  protluct 
of  diffpstion. 

Fiithologicai :  Qrape-stigar  occurs  in  the  urine  in  diabetea 
mellUus. 

Certain  substances  formed  within  the  body  may  be  regarded 
U  ohieily  waste-prod iiots,  the  result  of  metabolism  or  ti88U(^- 
ChkDgOK. 

They  are  dEvittiblo  into  nitrogenomi  metabolites  and  non- 
oilrogonoua  metabolites, 

^iirogenous  Mefahotites. 

1.  Urea,  uric  acid  and  compounds,  ki-eatinin,  xanthin,  hypo* 
xanthin  (.sarkin),  hippuric  acid,  all  occurring  in  urine. 

i.  Leucin,  tyrosin,  tfturocholic,  and  glycochoiic  acids,  which 
occur  in  tho  digestive  tract. 
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3.  Kreatin,  constantly  found  in  muscle,  and  r  fow  othun  of 
i  con.slatit  ocnii-i-eiico. 
Tli«  abuve  cooawts  of  C>  H,  N,  O.   Taurocliolic  lU'td  coutaius 
alstjS. 

Tbo  muloculo  in  moiit  uistanci^  U  oomplox. 

Non-yUrog^nous  Meiaholitea. 

These  occur  in  small  quantity,  and  some  of  them  are  secreted 
in  an  altered  form. 

They  iuclude  Uctic  and  sarcolactic  acid,  oxalic  acid,  suocinio 
acid,  etc 


PHYSIOLOGICAL  RESEARCH  AND  PHYSIOLOGICAL 

REASONING. 

We  propose  in  i\i\»  chapter  to  examine  into  the  methods 
MDploTed  in  physioloKical  iiivt.'.-stixntioii  and  teaching,  nud  the 
character  of  concliisluns  arrived  at  by  physiologists  as  depeud- 
ent  ou  a  curtaiu  mvthud  of  iitusoiiiiig. 

The  first  step  toward  a  Icgitimittu  conclusion  in  any  one  of 

t  inductive  science's  to  which  pliy^iolofiry  belongH  is  the  col- 
ctJon  of  facts  which  are  to  constitute  the  foundation  on 
rhich  the  inference  i»  to  be  baseil.  If  there  be  any  error  in 
,a  correct  conclusioa  can  not  be  drawn  by  any  rutiable 
logical  prtK'ess.*  On  tlie  other  h»iid,  facts  luny  abound  in  thou- 
■ands  and  yet  the  correct  conclusion  never  bo  reachud,  because 
the  method  of  interpretation  is  faulty,  which  is  ecjuivalent  to 
saying  that  the  process  of  inference  is  either  incomplete  or  iu- 
correct.  The  conclusions  of  the  ancients  in  n?gard  to  nnturo 
Were  usually  faulty  from  errors  in  both  thute  dintction»;  tliuy 
iH-itber  had  llie  ntiiuisiki  fiict«,  nor  did  they  correctly  iulerprut 
tlujee  with  which  they  were  conversant. 

Let  US  first  examine  into  the  methods  cmployi-d  by  mudurn 
physiologists, and  determine  in  how  far  they  are  reliable.  First, 
tlu<rf>  is  the  method  of  direct  observation,  in  which  no  appara- 
tus whutevftr  or  only  the  siniplest  kind  is  employed;  thus,  the 
student  mny  count  his  itwn  respirations,  feel  his  own  heart- 
beat*,  count  his  pulse,  and  do  a  very  gn^t  dual  more  that  will 
tic  pointed  out  hereafter ;  or  he  may  examine  in  like  manner  an- 
other fellow-being  or  ono  of  the  lower  animals.  This  method 
is  simple,  easy  of  application,  and  is  that  usually  employeil  by 
tlu)  physician  even  at  the  present  day,  especially  in  private 
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practico.  The  vnliio  of  tlie  rpaults  obviously  depends  on 
reliability  of  tho  olistTvor  i»  twi>  li^jtccts ;  First,  as  to  th«  fto-l 
curacy,  extent,  and  delicJicy  of  his  perceptions;  and,  aefrondly, 
on  tho  inferences  biuttMl  on  these  seDse-observations.  Much 
must  dupuuJ  on  pratrtiee— that  is  to  say,  the  educfttioti  of  tlio 
senses.  The  hand  may  become  »  most  delicate  instrument  of 
observation ;  tho  uyo  may  learn  to  see  what  it  once  could  not ; 
the  ear  to  detect  and  discriminate  what  is  quito  beyond  the 
uncultured  hearing  of  the  many.  But  it  is  one  of  the  most 
convincing  evidences  of  man's  8iii>eriority  that  in  every 
field  of  observation  he  has  rixen  above  the  lower  animals, 
some  of  which  by  their  nniitilitl  senses  naturally  excrl  hitu, 
So  iu  this  science,  instniuients  liavv  opened  up  mines  of  tacts 
tliat  must  have  otherwise  remained  hidden;  they  have,  as 
it  wert',  provided  man  with  aililitioniil  senses,  so  much  have 
the  natural  powers  of  those  he  already  possessed  been  sharp- 
ene<l. 

But  the  chief  value  of  the  results  reached  hy  instniments 
con.sists  in  the  fact  that  tho  movements  of  the  living  body  can 
bo  rtgisterfd  ;  i.  e.,  the  great  charneleristic  of  modem  physiol- 
OCT  is  the  extensive  employment  of  tho  graphic  methv^.  wliich 
has  been  most  largely  developed  by  the  distinguished  French 
experimenter  Marcy,  Usually  the  mnvoments  of  the  point  of 
lever  are  imprfsaed  on  a  smtiked  surface,  either  of  glaxed 
paper  or  glass,  and  rendered  permanent  by  a  coating  of  some 
material  applied  in  solution  and  drying  quickly,  as  shellac  in 
alcohol.  The  surface  on  which  the  tracing  is  written  may  be 
stationary,  though  this  is  rarely  the  case,  as  the  object  is  to  get 
a  succession  of  records  for  comparison ;  hence  tho  most  used 
form  of  writing  surface  is  a  cylinder  which  may  bo  raised  or 
lowered,  and  which  is  movinl  around  retjtilarhj  by  some  sort  of 
clock-work.  It  follows  that  the  lever- point,  which  is  moved  by 
the  physiological  effect,  describes cunes of  varying  complexity. 
That  tracings  of  this  or  any  other  character  should  he  of  any 
value  for  the  purp<ises  of  physiology,  they  must  be  susceptible 
of  relative  measurement  both  for  time  and  space  This  can  bo 
nct^omplisheil  only  when  there  is  n  known  base-line  or  abscissa 
from  which  the  leviir  ln-gins  its  rise.and  a  time  record  which  is 
usually  in  MKionds  or  portions  of  a  socond.  The  first  is  easily 
obtained  by  simply  allowing  the  lever  to  write  a  straight  line 
before  the  physiological  effect  pro]K'r  is  recorded.  Time  inter- 
vals are  usually  indicated  by  the  interruptions  of  an  electric 
current,  or  by  the  \-ibrations  of  a  tuning-fork,  a  pen  or  writer 
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of  mnie  kind  beinif  in  each  instance  attached  to  tlio  nppnrntus 
MJ  n»  to  record  its  moveuientii. 

As  levers,  in  proportion  to  their  length,  exnji;^rato  all  the 
roi>vt'mL'nt*t  imp»rt<-<l  to  tlivni,  a  ronstnnt  prcift^s  of  correction 
must  be  carric-d  oit  in  thi<  niiiid  in  rt-adiii^  lliii  rvcords  nf  the 
graphic  method,  as  in  interpreting  tho  fivW  of  view  presented 
by  the  microscope. 

The  ftudent  13  €»specially  warned  to  rarry  on  thi*  proMM, 
•Otherwise  highly  distortnd  views  of  the  reality  will  become 
flxvl  in  his  own  mind ;  and  certainly  a  condition  of  ignorance 
{«  to  bo  preforrod  to  such  falsi'  knowledge  ok  this  may  bpcome. 
But  it  ix  likewise  apparent  that  movements  that  would  without 
sach  mechanism  be  quite  unrecognized  may  be  rendered  visible 
and  utilized  for  inference.  There  is  another  itource  of  possible 
misconception  in  the  use  of  tU(^  graphic  nu-lhorl.  The  levitr  ia 
somotimds  used  to  n.^^rd  thu  movennintsof  acnlumn  of  Suid 
(manomotor,  Fig.  307),  aa  water  or  mercury,  the  inertia  of  which 
is  considerable,  trO  that  the  record  is  not  tliut  of  the  lever  as 
affected  by  tho  physiological  (tissue)  movemt- nt,  but  that  move- 
ment conveyed  through  a  fluid  of  the  kind  indicated.  Again, 
all  (Mints,  however  delicate,  write  with  some  friction,  and  tho 
question  always  arises.  In  how  far  is  that  friction  sufficient  to 
be  a  iwurce  of  inaccuracy  in  the  record  f  Wlion  organs  nro  di- 
n-ctly  connected  with  levei-s  or  apparatus  in  mechariicnt  rela- 
tion with  them,  one  must  be  sure  that  the  natural  action  of  tho 
orgi^n  under  investigation  is  in  no  way  modified  hy  this  con- 
DDction. 

From  thww  n>marks  it  will  he  obvious  that  in  the  graphic 
method  physiolngists  possess  a  means  of  iiivestigntion  at  once 
valuable  and  liable  to  mislead.  Aliyndy  •■U-i'tricity  has  b(.-<^-n 
rxtvnsirvly  h8c<I  in  the  researches  of  ]diy»iolugistH,  and  it  is  to 
this  and  the  omploymont  of  photography  thut  wu  loiik  in  the 
near  future  for  mcthodi,  that  are  hiss  open  to  thu  objections  we 
have  noticed. 

However  important  the  methods  of  physiology,  the  results 
are  vastly  mon'  so.  We  next  notice,  then,  tlie  progress  from 
mt'lbods  and  ob«:rvntions  to  inferences,  which  ww  jihnll  en- 
deavor to  make  clenir  by  certain  cases  of  a  hypothetical  clinrnc- 
ter.  Proceeding  from  the  brain  an<l  entering  tho  substance  of 
tlip  boort.  there  is  in  vertebrates  a  nerve  known  ns  the  ragna. 
8llp|>OSO  that,  on  stimulating  this  nerve  l>y  electricity  in  a  nib- 
bit,  tho  heart  ceantefl  to  Itest,  what  is  the  legitimate  inference  ? 
Apparontly  that  the  effect  has  been  due  to  the  action  of  the 
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nerve  on  the  heart,  an  action  excited  by  the  use  of  electTicity. 
Thia  does  not,  hdwevefj  accordinR  to  thp  priiu-iplef)  of  a  rij^id 
logic,  follow,  The  heart  may  havo  ceaneil  beating  from  soiiit; 
cause  wholly  iiiiooiUK-ctcd  with  this  cxpf-rimeiit,  or  from  tho 
cloctric  current  i-^-iipi ug  iilong  thft  nerve  and  alTt>rting  eomo 
Qorvuus  umchunism  within  tho  ht^itrt,  which  is  not  a  pm-tof  the 
vagus  nerve ;  ur  it  muy  Iiuvl-  Iiol-u  iluo.to  tho  action  of  the  cur- 
rent on  themumculartiHSueof  the  heart  din^'ctly.  or  in  some  other 
way.  But  suppose  that  invariably,  wheawer  thia  uxperinieiit 
is  repeated,  the  one  result  (aiTest  of  tho  beat)  follows,  then  it  is 
clear  that  the  vagus  nerve  is  in  some  way  a  factor  in  the  causa- 
tion.  Now,  if  it  could  be  ascertained  that  certain  branches  of 
tho  m*r\-c  were  distributod  to  the  heart-muscle  direttly,  and  that 
stimulation  of  those  gave  vise  to  al-ri^3t  of  the CArdinc  pulsation, 
thou  would  it  be  highly  probable,  though  not  certain,  that  there 
WHS  in  the  firi>t  instance  uo  iiitL-ruiudiute  U]echiini.-sui:  while 
this  inference  woiild  become  still  more  probable  if  in  hearts 
totally  without  any  such  nervous  apparatus  whatever,  such  a 
result  fnllowe<l  on  stimulation  of  the  vagua  Suppose,  further, 
that  the  application  of  some  drug  or  poison  to  the  heart  pro- 
vided with  api^cia)  nervous  elements  besides  the  vagus  termi- 
nals prevented  tho  effect  before  noticed  on  stimulating  tho 
vngUK,  while  a  like  restilt  followed  under  .similar  circumstances 
in  those  forms  of  heart  unprovided  with  such  nervous  struct- 
ures, there  would  be  additional  evidence  in  fnvor  of  the  view 
that  tho  result  we  are  considering  was  due  solely  to  some  action 
of  the  vagus  nerve ;  while,  if  arrest  of  the  lieart  followed  in  the 
first  case  but  not  in  the  second,  and  this  result  were  invariable, 
thei-e  would  be  roused  the  suspicion  that  the  action  of  tho 
vagus  was  not  direct,  but  through  the  nervous  structnra')  with- 
in thohcart  other  than  vagiiM  cudings.  And  if,  again,  there  wlto 
A  portion  of  tht'  rabbit's  heart  to  which  there  were  fiistributcd 
this  intrinsic  nervous  supply,  which  ou  stimulation  directly 
was  arrested  in  its  pulsation,  it  would  bo  still  more  probable 
that  the  effect  in  the  first  instance  we  have  cousiderud  won  due 
to  these  structures,  and  only  indirectly  to  the  vagus.  But  be  it 
observed,  in  all  these  ca.tes  there  is  only  probability.  The  con- 
clusions of  physiology  never  riseabove  probability,  though  this 
may  bo  so  strung  as  to  be  practically  equal  in  value  to  absolute 
certainty,  Would  it  bo  correct,  from  any  or  all  the  exjieri- 
ments  wo  have  supposed  to  have  been  made,  to  assert  that  tho 
vagus  was  the  arresting  (inhibitory)  nerve  of  the  heart  ?  All 
hearts  thus  far  examined  hare  much  in  common  iu  atructuro 
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and  function,  and  in  bo  f«r  is  tho  above  (^nomlizalion  probable. 
Such  a  statemcut  wuuld,  liuwovi-r,  be  far  from  that  degree  of 
probability  n-Uicb  i*  \>usA\h\i>,  and  should  therefore  not  bo  ac- 
cv|tt<i«l  till  more  eWdence  has  been  gathered.  Tlie  nipre  resein- 
bJoncv  in  form  and  ^teueral  function  doea  notmiflice  to  nu'et  tbu 
f 4miandit  of  a  critical  logic.  Sucli  a  ntatement  iu*  thvaWvu  would 
ikot  noco«8urily  ajijily  to  tliv  hearts  of  all  vt^-rtubratuti  or  uven  all 
rabbits,  if  thi>  fxixiri  meats  ha<l  been  conducted  on  une  animal 
alone,  for  the  result  nu^lit  hv  owing  to  a  mure  idiosyncrasy  of 
tb«  rabliit  uiid^r  obw'rvation.  Tho  further  we  depart  from  the 
group  of  iu)ima!»  to  which  the  creature  under  experiment  bo- 
longH,  tho  less  18  the  proliability  that  our  generalizations  for 
tho  one  c\iu»  will  apply  to  another.  It  will,  tliorefon.-,  bo  seen 
that  wide  goiieraliKations  can  not  Iw  made  with  that  amount  of 
certainty  which  is  nttainablo  until  e.\perimont,H  shall  have  be- 
come very  numerous  and  widely  estendcd,  A  really  broitd  and 
sound  physiologj-  can  only  be  construited  when  this  science 
has  become  much  more  companifit'e — that  is,  extended  to  many 
more  groups  and  sub-groups  of  animab  than  at  present. 

To  attempt  to  generalize  for  the  heart,  the  kidney,  the  liver, 
etc.,  when  only  the  dog,  cat,  rabbit,  and  (rng,  have  been  uiudu 
iwarulu  tho  snbjectHof  experiment,  exctipt  for  the  gToupH  of 
onimalK  to  which  tho  al>ove  belong,  is  not  only  huKarduus  but 
positively  illogical:  while  to  <JcnomiiiHto  concluDions  bimed  on 
such  experiments,  even  when  siipplcmuntod  by  the  teachings 
of  diseaeie,  ■*  human  phyRiolog>- "  ia,  in  the  writer's  opinion,  a 
wholly  unwarrantable  proceeding. 

It  in  this  conviction  which  ha.s  hatl  much  to  do  with  this 
book  being  written;  to  the  lutroduction  of  ihu  comparative 
element:  and  Ihw  separation  so  frequently  Ui  form  as  well  as 
in  reality  of  facts  and  inferences.  A  genuine  human  physi- 
ology, with  the  exact  nature  and  value  of  the  inferences  clearly 
8tat»l,  IB  yet  to  be  written;  and  it  seems  not  only  judicious, 
hut  demnn<Ied  as  a  matter  of  can<lor  and  honesty,  to  stale  at 
the  outitet  to  the  student  what  we  feel  able  to  tea<-h  contidently, 
and  wliat  tnust  be  presented  as  feebly  prolwible  or  barely  pos- 
Hibb-. 

Human  physiology  progicr  must  of  necessity  bo  uccumuluted 
slowly.  Huch  may  be,  indeed  must  be.  inferred  from  the  ex- 
jnrimoiita  disease  is  making;  still,  certain  forms  of  accident  or 
uirgical  operatinn  provide  the  opportunity  to  investigate  the 
liimian  bo<ly  in  health  or  in  a  moderately  near  approach  to  that 
condition.  Close  self-oh&ervation  under  a  variety  of  coudi- 
10 
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tions,  sn  precisely  defined  aa  to  meet  the  demands  of  Rcionc 
may  bf  made  by  the  iiit^lliKetit  stmlptit.  Much  uf  this  might 
1x1  vurilled  in  the  case  of  other  healthy  persons.  Some  of  it  is 
in  cortniii  respects  of  more  value  than  any  experiment*  that 
c»n  1)0  modfl  upon  the  lower  animals,  for  the  latter  can  not 
comnuni icAti3  to  us  their  sensations;  in  their  casu  iili  our  in- 
formatiuu  mutit  bo  derived  from  the  am}  of  our  own  senses, 
mosUy  unaided  hy  any  reports  of  theirs. 

It  is  nf)!  possible  dnriuff  any  exiK-riment,  especially  any  one 
iu  which  vivisection  is  employed,  to  observe  th(?  animal  under 
conditions  that  are  strictly  normal,  fnr,  by  the  very  nature  ot 
iho  caso,  we  hi»vo  rendered  it  Hbni>nna].  We  must  in  all  such 
instanccis  dmw  conclusions  with  ci>r)-es])riiiding  caution.  It 
will  be  understood  that  the  expression  "conclusive  exjieri- 
ment."  aa  applied  to  such  a  easo,  is  only  approximately  correct. 

At  the  present  time  it  is  very  coiumou  to  experiment  upon 
orf^ans  disconnected,  either  anatomically  or  physiolojjically 
(functionally),  fmm  the  rest  of  the  bcKly  to  a  (jreater  or  less 
extent.  This  is  termed  the  isolated  method.  It  has  thea<lvnn- 
tage  of  bein^  moi-e  simjile,  and  permits  of  the  study  of  certain 
points  apart  from  others — one  factor  being  considere^l  iudo- 
peudently  of  the  rest  iu  the  phyciiologlcal  total.  But,  in  draw- 
ing conclusions,  it  ia  very  important  in  such  a  case  not  to  forget 
the  premises.  There  is  manifest  danger  of  making  the  gener- 
alisation wider  than  the  facts  warrant  It  ia  only  when  such 
ex|)eriment.s  are  supplemented  by  a  great  many  others,  and 
when  juilged  in  coimection  with  the  action  of  the  organ  under 
CODsidei-atiun,  as  it  is  iuQuoucwl  by  other  organs,  that  sncU  ro- 
milts  can  bu  of  gruat  valuu  in  building  up  a  normal  physiology. 
To  know,  for  example,  that  the  isolated  heart  behaves  in  a  cer- 
tain manner  is  nut  useless  information,  but  its  value  dc)>end.<i 
entirely  on  the  conclusions  drawn  from  it,  especially  as  to  what 
it  is  conceived  as  leaching  of  the  functions  of  the  h(«rt  as  it 
beats  within  the  b(«ly  of  an  niiimHl  while  it  walks,  or  flies,  or 
swims,  in  eaiTying  nnt  the  purpose  of  its  being. 

We  have  incidentally  alluded  tfj  the  l^eaching  of  disease^ 
"  Diaease  "  is  but  a  name  for  disordered  function.  One  viewing 
a  piece  of  machinery  for  the  fii-st  time  in  improper  action  might 
draw  conclusions  with  comparative  safety.  pn>vide<i  he  hod  a 
knowledge  of  the  correct  action  of  simitar  machine'^.  Our  ex- 
perience gives  us  a  certain  knowlwlge  of  the  functions  of  our 
own  bodies.  By  ordinary  observatinn  and  by  experiment  on 
other  animals  wo  get  adilitional  data,  which,  taken  with  the 
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<liBordered  aclion  rpsttlting  from  t;;ro«a  or  molecular  injury 
(disease),  gives  a  hash  for  certain  conclusinns  as  to  i\w  norinal 
functions  of  the  hutnaii  tiody  or  tliow  of  lower  Animal*.  This 
irif'imiation  is  espprially  vahtablp  in  the  cnso  of  man,  cincd  ho 
cim  rviKirt  with  a  fair  (ifgrct- of  reliability,  in  inDst  itistiuied 
conditions,  liix  own  wnsationii. 

It  is  hu)te<l  that  thi^  1irii-f  tri-atmiMit  of  the  mothorlH  and 
logic  of  phyiiiology  will  snllicu  fur  thu  preeentk  Thr<)U|;hoiit 
the  work  they  will  ho  ilUistraled  in  every  chapter,  (hniiRh  not 
alwaytt  with  distinct  references  to  the  nature  of  the  intellpctnal 
proce*»  followed. 

Snntmory. — Thei-e  are  two  uiethod-i  of  physiological  <ili«erva- 
tioii.  thv  liirwot  and  the  indirect.  The  fii-st  is  the  ."implest,  and 
is  valuable  in  proportion  to  the  accuracy  and  delicacy  and 
ran^  of  the  obser\-cr;  thu  laltor  implies  tlio  um)  of  apparatus, 
and  is  more  comple-\,  muro  oxti-udod,  more  delicate,  and  jirocise. 
It  is  nsnally  employ«l  witli  the  graphic  method,  which  has  the 
ndvantnge  of  reeonlinfjand  thus  preserving  movements  which 
corn-itpoiid  with  more  or  lesa  exactness  tn  the  movements*  of 
timuM  or  orgnns.  It  is  valuable,  but  liable  to  erroro  in  record- 
ing and  in  interpretittion. 

The  logic  of  physiology  is  that  of  tlio  inductive  sciences.  It 
proceeds  from  the  apecitil  to  the  general.  Thu  conclusions  of 
phy«ii>logy  never  pass  beyond  extreme  probability,  which,  in 
some  caises,  is  practically  equal  to  certainty.  It  is  especially 
importjmt  not  to  make  generalizations  that  are  too  wide. 


THE  BLOOD. 

It  is  a  matter  of  common  obsorvnt  ion  that  the  lot)f!<  of  the 
whole,  or  a  very  large  part,  of  ihu  blood  of  the  b<idy  entails 
death ;  while  an  abundatit  litemorrbago.  or  blood -iliNiiiiM'  in  any 
of  its  forms,  caoses  great  general  weakness. 

The  student  of  enibrj-ology  is  led  to  inquire  as  to  the  neces- 
sity for  the  very  early  ajijiearanie  and  the  rapid  development 
of  the  bhxxl-vascnlnr  systvm  so  prominent  in  all  vertehratea. 

.An  examination  of  the  mesuis  of  trantiit  of  the  blood,  as 
■Ireiuly  intimated,  reveals  a  c<jni plicated  system  of  tulies  dis- 
tributwl  to  every  organ  and  tistrne  of  the  body.  Thest-  facts 
would  leail  one  to  suppose  that  the  blood  must  have  a  tran- 
soeodent  importanc*  in  the  economy,  and  such,  u|K)n  Ihe  most 
miante  ioTestigation,  proves  to  be  the  case.   JThe  blood  has 
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Ixt-n  ftjilly  fonnmrwl  to  an  inti>rniil  worltJ  for  the  tiwineti,  an^ 
sivcriiiK  lo  tlifl  i'3ft«-nial  wnrlcl  fur  the  orKanixm  aa  a  wlidle. 
Tliitt  fliiirl  'i»  tbo  ^reat  intoroliouso  voiitaiiiiiiK  all  that  the  most 
oxHCthig  cell  can  dfiuniul ;  and,  fiirlhiT,  is  the  temporary 
rifyjilaclL-  of  all  l.!ii>  waslt-  ihut  tliu  most  busy  cell  rwniiri«  to 
diHoharj^o.  Should  such  a  life-streatn  cease  to  flow,  the  whole 
vilal  miu'hiiipry  must  stup — death  must  t-usue. 

Coi&piu-ative.~It  will  prove  more  scientific  and  geaeraUvBat* 
isfactoi^"  to  re;rard  the  blood  H.t  a  tissue  having  a  Huid  and 
flowing  matrix,  in  which  float  <M!llular  elements  or  corpuscles— 
a  view  of  the  subject  that  is  less  startling  when  it  is  remoni- 
Iwrttl  that  th(i  (rrcat^>r  part  of  the  protoplasm  which  makc-t  up 
the  other  tisKuci^  of  the  bwly  i»  of  «  scmitluid  coiisiistemv.  In 
bU  animals  pussutsing  blood,  tho  matrix  is  a  clear.iisually  more 
or  loss  L-olorod  fluid.  Amonn  in  vurt^brates  the  color  may  bo 
pronounced:  thus,  in  cephalopods  and  some  crustiux-aiis  it  is 
blue,  but  in  most  fcrnups  of  animals  and  all  vertebrates  the 
matrix  is  either  colorleas  or  more  commonly  of  some  slight 
tinge  of  yellow.  Invertebrates  with  few  exceptions  possess 
only  coIorleHs  corpuscles,  but  all  vertebratoH  have  colored  cells 
which   invariably  outnumber  the  other  variety,  and  display 

forms  and  sixes  which 
are  snllicienlly  constant 
to  be  eliar.'M^teristic.  in 
all  groups  below  mam- 
mills  tho  colored  corpus- 
cles are  oval,  mostly  bi- 
convex, and  nucleated 
during  all  periutls  of  the 
animal's  existence ;  in 
mammals  they  are  cir- 
cular biconcave  disks 
(except  in  the  camel 
trjlH*.  the  corpuscles  of 
which  ai'e  oval),  and  in 
post-embryonic  life  with- 
out a  nucleus ;  nor  do 
they  iKis^<S3  a  cell-wall. 
Tho  red  colls  vary  in  size 
in  different  groups  and 
8ub-group«  of  animal^  lH?ing  smaller  the  higher  tho  place  the 
animal  occupies,  as  a  general  rule:  thus,  they  are  very  large 
in  vvrtebrates   below  mammals,  in  some  cases  being  almost 
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visibU'  to  tho  unai'lwl  cyi*,  whilo  in  tlit>  wliolo  cliiHt  of  innin- 

inals  they  arp  \wy  iiiinuttt;  tlivlr  immlK-rs  uIku  in  tliU  group 

ikro  TAstly  greater  than  in 

oth<>r»  lower  in  the  »cale. 
Th*'  HVem);e  »ze  in  man 

>)•  i^>  >n(^ti  (*<Hi7;  mm.)  and 

till*  niiinlKT  in  a  cubic  miU 

lim(<tn>  <if  Ww  hluiKl  nlinut 

3,iMio,(N.Ml  fur  till'  mrklo  and 

a()U.iKM)  luMs  for  Ihu  fumiilL*, 

vliicb  would  furnish  about 

2*>,iKK)jWM>.0(H)  in   a   pnund 

of  b!o(id.     It  will  bf  uri<l(>r- 

itood  that  averages  only  are 

fpokon  of,  as  all   kiniln  of 

viirintioii;!    occur,  sonio    of 

whicli  will  b*  ri>ferre<l    to 

later,  Rud  their  wgnificaiice 

t'X|>lainGd. 

Cndor  tbo  mieroscopL"  tho  blowl  of  vfrtuhrattts  is  fit-on  to 

owe  its  color  to  tho  c«lls  chivfly,  uud,  so  fur  es  i\w  red  goea, 

almotit  wholly.  Corpuscles 
when  s(H*ii  singly  an?  never 
of  thi?  dwp  n-d,  however, 
of  tlio  blood  as  n  wholo, 
but  rather  a  yellMwinh  Msl, 
thu  tinge  varying  soiiiu- 
what  with  the  class  of  ani- 
mals from  which  the  spec- 
imen has  been  taken. 

Certain  other  morpho- 
Uitjicai  elements  foimd  in 
mammalian  bIcMwi  dfser\'o 
brief  merit  ion.though  their 
itignilicaun*  ik  m  yet  a  uiat- 
tur  of  much  dispute : 

I.    The     blood  -  p!at«B 
il^oinies,        hajiititoblostit, 
lliinl  element),  very  small, 
«dorle«s,  biconcave  disks,  which  nre  dejKisited  in  great  num- 
bw»  on  any  thnwl  or  similar  fowign  body  introduced  into  the 
rirculation,  ainl  rapidly  break  up  when  blomi  is  shed. 

2.  (>n  a  slidv  of  blood  that  has  been  prepared  for  some  little 
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time,  ORcrofiations  of  vt*ry  minute  gramiles  (elemenlartt  gratt' 
vifs)  may  ttfi  ewn.  Tho»u  an*  sm»postHl  to  ropn-seQt  the  disiii- 
legrntinR  protoplasm  of  thv  corpugclw). 


i) 


6) 
& 


A 


»/" 


no.  IM.— nooit<|>Ui]Ur^  on-I  ihr^lr  dcriTdtlira  (LaDd^if.  mttrr  UTitmrrci  and  L«II(T),  I.  nd 
blood-otftniMka  uii  Uir  Om  :  tL  tram  Miv  li'li-  ^  3.  uiifliniuiiMl  btonl'iiUqun :  4.  tjaij/b- 
corpiacis  mutoudiIhI  wlUi  bliia<l'|iliuiui« :  a.  LJ.xnl  |>lui|iiii>  i  iirioiiiil.t-  Bllcnd  :  0.  lyiuph- 
rorpuwda  wHh  too  muwu  »(  riMud  ti1invl'i>)ii>|ii''>  mul  iln-iul-  ^l  niirin  :  '.  eriiup  of 
Maad4il«qilM  fiMnlor  nin  (oMdhfr  ;  t:i.wintlar  Hiutll  iiiuni  uf  lutrUkUr  dliMvinl  lifood- 
^wiuoiiriUi  dbrlliol  flbnu. 

T!i6  pale  or  colorlt-as  corpiisolcs  are  very  few  in  number  in 
mammals  comparerl  with  the  red,  there  being  on  the  average 
only  about  1  in  400  to  (100,  though  they  bei'ume  much  more 
numerous  after  a  meal.  They  are  granular  in  appearance,  and 
possess  one  or  more  nuclei,  which  are  not,  however,  readily  seen 
in  all  cases  without  the  use  of  reagents.  They  are  cliaracter- 
izwl  liy  greater  size,  a  glubuhir  form,  tin*  lack  of  pigment,  and 
the  tendency  to  amrpboiil  movements  wliidi  Ifttter  may  be  ex- 
aggenited  in  disoniered  eunditions  of  llie  bluod.  or  when  the 
bloix]  in  witlidruwn  aiid  observed  under  arlificiHl  conditious. 
It  will  Iw  understood  tluit  these  wlls  [leiicucytts)  me  not  eon- 
fmed  to  the  blood,  but  abound  in  lymph  mid  other  (luido. 
Tliey  are  the  representatives  of  the  primitive  Lflls  of  the  em- 
brj-o.  aa  is  shown  by  their  tendency  (like  ova)  to  throw  out 
processes,  develop  into  higher  forms,  etc.  In  behavior  they 
strongly  suggest  Aiiueba  and  kindrwl  forms. 

We  may,  then,  say  that  in  all  invertebrates  the  blood,  when 
it  exists,  consists  of  a,  plnsmn  {liquor  aitntjiiiiii'),  in  which  float 
the  cellular  elenionl!*  which  iiTv  colorless;  and  that  in  verte- 
brates in  addition  there  are  colore']  cell»  which  are  always  nu- 
i-ltiateil  at  xumu  periml  of  Ihoir  uxisteuce.    The  colorless  cells 
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an  globular  masses  of  protopliumi,  coDlaininfr  one  nr  more 
boclei,  and  wiUi  itiu  guuerol  cliuracter  of  amceboid  orKaoisius, 


I 


if-tr. 


The  History  of  the  Blood-Cklls. 

Wn  hftve  already  Men  that  the  bluod  and  the  vessels  in 
which  it  tloini  have  a  common  orij<in  in  the  mosoblnstic  eelU  of 
thi*  i-mbryo  chick;  the  same  applies  to  manimalfl  ami  lower 
l^uups.  The  ninin  facts  may  be  ^froiipoil  iitiiler  two  hea<l> 
ings:  1.  Dovehfjiment  of  the  blood-corpuscles  during  enihry- 
oaic  life.  i.  Duvelopmont  of  the  corpuscles  in  iKJSt^mbryunic 
Ufe. 

In  the  bird  and  the  mammnl,  c^lls  of  the  mesobltisl  in  the 
area  opaca  ^vo  off  procveses  which  unite ;  later  they  become 
hollowed  out  ( voeuoiattd)t 
and  ttius  form  eapillariee. 
At  the  same  time  the  nuclei 
of  thiwe  cells  multiply  [pra- 
lifrntie),  gather  small  jior- 
tions  of  the  protoplasm  of 
the  main  cells  about  Ihem, 
become  colorml.  and  thus 
form  the  uuclwitoil  ci>r|iiis- 
cles  •>f  the  embryo.  This, 
or  a  similar  procoMt,  ifl  known 
to  occur  in  some  animals 
irai)  after  birth  :  but  in  the 
faurown  fmtus  there  isaj^rnd- 
nal  decline  in  the  number  of 
nuclent^l  cells  found  fn-e  in 

iho  bhM>d,  and  nt  birth  ihuy  ^".}"r:J'SS!S'^ 

,  ,    ,     .  ,'  lion  at  poaturicv  cj , -_-™_i..™. 

STB  very  rare,  whicii  is  prob-       v'  "''?^"k£2}']iJ_'  I"  '^^^"."'IIW: 

ablv     the    case     with     most         miiwiiuiFatlgr  twon*  mwM  ct  odli  (bnalu 

^  ,  "nil*  of  tatbod-niMto  I  p.  or.  jvoca^amlc 

mammals.  imcoM*.  coauUDlni;  nucM  wnh  \arwt  iw 

While  Iho  origin  of  the 
nd  cells,  as  above  described,  may  be  regarded  as  the  earliest 
and  most  general,  it  ia  not  their  exclusive  «o«ri'f. 

When  theitp4frhs8  been  formeil  thit!!  organ  Deenu  to  carry 
on  a  development  begun  in  the  sphen,  for  the  nucleated  but  as 
jret  colorlesa  cells  formed  in  the  vplooa  seem  to  become  pig- 
mented in  the  liver, 

Thirre  is  also  evidence  that  colored  corpuscles  may  arise  by 
•udogvnotu  formatiott  in  thu  lymphatic  glands. 
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Tliero  is  no  doubt  that  the  ^catcr  numltur  of  the  non-nucT? 
at«d  iorinuicl*?s  are  rierivwl  from  tiui  nucleated  fonna. 

The  fXNtt^mbryonir  development  of  colored   corpuscles  is 
naturally  less  uiulerslood  from  the  frrealer  difliculti«s  attend- 
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WVk  tM— Coll  rlFiDfTDU  of  red  idutOW.    a.  Unc  nnnul&r  marmv  evil* ;  h.  mntkOet.  mora 

T«ileularc<iils:  r.  Cnwiuuda[,  orniall  Irinpu"!')  i-i-Mh.  luiiiu  i>l  wlilcb  inajr  t*  »riai  mr- 

reundiMl  wiili  u  iliillcU*  rim  cd  prctoplaiun ;  <f,  iiiioUvitivl  red  cortnuElM  of  Ui«  biMiD 

■nuTow. 

Wia.  IW-NucIounl  rol  crtlaaf  nuurow.  dluantliuc  inodBof  deVFlopiiHat  Isto  UlB  ardloaiy 

Don-naclnilnl  ml  ■.■luinuclna.  n.  common  fomia  «l  tlic  rvlorfil  nuulraled  vtVii  ot  rod  maT' 

iTTHiiuitlihmLjijifAnEKTof  thpnii<-'l'''i«i  -  ''■  laTtfv  iioii-iiiii.'lint4Ml  rvil  cm 

[JAiiil  :i  lit  'i.  Ill  nh  rnqmniurr  In  '!"■  nlnmiiv nf  miy  inuv-.if  tiiiclnn. 


cuiTlmi 
row;  b,  1,t«lk  irTHiluitlihiuLjijifAnncr  of  thpniii-'l'''i«i  -  ''■  Inrit*-  iioii-iiiii.'lint4Ml  rvil  ccirpiitcff^ 
mvririlallnir  TA111I  :i  "t  '>.  Jt^  aA  rmnnTMvarr  In  Tin-  uliwiruv- nf  niiy  inuvnr  tiiiiili-iirL 
fta.  m— Kucl«ii«l  r>Tl  i.<oriiuwl«,  HhuiCrnilnK  Ihv  niiKrnliuii  nf  ilir  niirlriin  frqin  Uir  cull,  ft 


prooffli  DOT  urifr^-i4ijf-utlv  t*vn  [it  tliu  tvl  marrow. 
Ra.  IU.~B[ivii)  .i(  >'m1ir).i  ,.l  f<iur  mmiilui     ".  I.t.  S.  4.nUclcBlnl  ml  ixiriiuKlva.    tii  4  Uip 

VAIIW  Irrenulnr  ■liniiili'j^ml^il  nz'^tfarant^  ot  Uir  niicJ«IM  lU  Uiiolivl  in  niamiw  (vlU     |i.  1. 

■Dtowvlv :  «,  irifi(>lncvt>- :  1,  iinlioaiT  (vd  corpiUKin 
7W.  ]U— FVoin  iplKiL     I.  tiloo-I-iilaquciL  olorlm  and  tkiylnjt  n  lltllr  Jii  iltc  :  I.  I«ro  mlcro- 

gjricaof  ■diivp'niil  uoliir  :  a.  twi>unllav>'n'l<orpuacl<»:  4.  a  foUd.inuulucBUt.lyuiuliuid 

coUorfnwuuulMii.    (FtyL  Itn-iat,  uTtrt  iMn.j 

itig  it«  iiivfstigstion.  The  following  iimy  )>e  rogardod  as  a 
summury  of  tin-  chiuf  fuels  or  rBtht-r  o|*inioii»  on  ih'is  subject: 

1.  From  tho  i-otorloss  wlls ;  though,  whether  the  nucleus 
disappears,  or  remains  to  form  the  chief  part  of  the  cell  and 
become  pi^nnented,  is  undetermined. 

'i.  From  peculiar  cells  of  the  re<l  marrow  of  the  hones  (head, 
trunk,  etc.),  thouj^h  there  is  also  some  doubt  as  to  whether  the 
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nuclei  Cif  th'-wG  cells  romi»in  or  no!.;  b)it  iw  nil  gnulc«  of  tmnsi- 
tion  forms  have  hivu  fuuiKl  in  thu  IxiiitMimiTuw ;  Kiri<x>  arui-iniiii 
oocnrs  in  disenso  uE  boues;  since  tlio  boiiu-murrow  lui8  be«n 
fuumi  in  an  uiiiKiUAny  AOlivo  eoiiditiuit  nfu-r  hediuorrliago  and 
un'l*>r  ollior  circumi^tiiiR'u)  (tuniHudintj  a  nt|>i<l  rx^'pluconii'iit  of 
Umt  ci'lla — there  seema  to  he  little  riiom  for  doubt  that  in  the 
imIiiU  llie  red  marrow  of  the  Ixines  is  thf  chief  site  of  the  devel- 
opuicnt  iif  n?<l  corpiisclffl.  It  is  not,  however,  the  only  one,  for 
nndfr  jii-culiar  stros*  of  need  flvpii  the  lymphatic  R:l:tnd»  pro- 
duiMi  fmI  ct^illx.  nnd  tho  latter  liavo  been  se«a  to  be  budded  oS 
tmrn  tho  spluon  iti  n  youii^  nnimnl  {kitTf. 

The  r<dorlcs.s  ctdls  of  Ihu  bluod  first  ariw  lis  migraU-d  undif- 
ffrentiat<?«i  rfiimauts  of  ihi*  early  embryoiiii;  c<^ll  colonies.  That 
tbey  remain  racli  is  seen  by  their  physiido^cal  behavior,  to  be 
coiijiidcrt'd  a  little  later.  Afterward  they  are  chiefly  produced 
from  ft  jx-^'ulijir  form  of  connective  tissue  known  as  leiicm-y- 
tenio,  and  which  is  gathi-red  into  organs,  the  chief  function  of 
which  (lynipluilic  ^Inmi^)  is  to  produce  thcw  cells,  though  this 
tissue  is  ruthpr  widi'Iy  distributed  iu  the  niiunnmlian  body  iu 
ler  f'lrnis  tbau  th(^st^ 

Samaurj. — The  uludent  may,  with  considerable  certainty, 
consider  the  colorless  corpuscle  of  the  blood  as  the  must  primi- 
tive; tliH  re<i,  derived  either  from  the  white  or  some  form  o£ 
mure  specializexi  cell;  the  nucleated,  as  the  earlier  and  more 
ymithful  form  of  the  c<dored  corpuscle,  which  may  in  some 
gruuptt  of  x'ertebrates  !«  replaced  by  a  more  specializwl  (or  do- 
gnult-xl  ?)  iiou-nucleatod  form  mostly  derivtMl  diivctly  fn^rn  the 
fcnwer;  that  in  the  first  instAuce  the  blood-vcswls  luirl  blood 
ftfisii  8imt)ltanc4(UMly  in  the  me»oblii.-<tic  embryonic  tissue;  that 
nicb  an  orii^in  may  exist  nftt<r  birth,  (•ithor  normally  in  some 
mamnials  or  under  unusual  functiunnl  need  ;  that  the  rad 
marrow  is  the  chief  birthplace  of  colored  cells  in  adult  life; 
that  the  apleon,  liver,  lymphatic  fflands,  and  other  tisRues  of 
similar  structure  contribute  in  a  less  depree  to  the  dcvtdoiK 
nieut  of  the  red  corpuscles;  and  that  the  last  menttonud  urgaus 
are  the  chief  producers  of  the  colorless  nniroboid  bloLHl-cvlls. 

Finally,  it  is  well  to  rememlw-r  that  Nature's  rcwonrces  in 
thij4.  itsiu  many  other  cases,  are  nnmerous.  and  that  ber  mode 
of  pnxvduro  is  not  invariable:  and  thnt,{f  ouo  road  to  an  end  is 
blocktvl.  ani'tlii-r  i«  tiilten. 

The  DecUae  and  Death  of  the  Blood-CelU— The  blood-corpuscles. 
like  other  celis.  have  a  limitvd  duration,  with  the  usual  chapters 
ia  A  biulogicul  hiittory  uf  rise,  maturity,  and  decay.    There  is 
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rciisoa  to  boliere  that  the  red  cells  do  not  live  loiigor  tluui  a 
fvw  weeks  at  most.  Tlie  red  celbi,  in  various  lii'jji'eutt  of  dii«or- 
ganization,  have  heeii  seen  within  the  white  ceWs  ( phatiorytt^a), 
and  the  related  celU  of  the  splt^en,  liver,  lione-marrow,  etc,  In 
f.ict,  these  cells,  hy  virtue  nf  retained  ancestral  (amtrjioitl)  quuli- 
ties,  have  dvvoiireil  the  wciikem-d,  dying  red  colls.  It  soems  tu 
he  a  case  of  survival  of  the  litlest.  It  is  further  known  that 
abundiiiico  of  pigment  roiitjiining  iron  i»  found  in  huth  spleen 
and  liver;  and  there  seems  tn  ho  no  goo<[  roason  for  doubting 
that  the  vnriouK  |iigmeubi  of  thu  »ecrutionit  of  the  body  {urine, 
bilf,  etc)  aro  durivud  from  the  universal  pigment  of  the  hloixl. 
These  coloring  niutterii,  then,  are  to  be  regarded  as  the  excreta 
in  the  first  instanco  of  ci'lls  behaving  like  aincphoids,  and  lat«r 
as  the  elaborations  of  certain  others  in  the  kidney  aitd  else- 
where, the  special  function  of  which  is  to  get  rid  of  waste 
products.  The  birth-rate  and  the  death-rate  of  the  blood- 
cells  njuat  be  in  close  relation  to  each  other  iti  livnlth ;  and 
8omoof  the  grftve.'<t  disturbances  ariw;  from  decided  chnngee 
in  tlio  normal  proportions  of  tho  cell'^  (cmttmia,  Icucocy/Ju- 
mia). 

Both  the  red  aud  white  corpuscles  show,  like  all  other  cells 
of  the  organism,  alterations  con-esponiling  to  changes  in  the 
ettrrounding  conditions.  The  blood  may  be  withdrawn  and  its 
cells  more  rciwlily  observed  than  those  of  moat  tissues;  S(>  that 
thv  stiuly  of  tho  intlueiicu  of  ti-mperature,  feeiliug  of  the  k'uco- 
cyt«s,  and  the  action  of  ri'agt-nt^  in  both  cIojssok  uf  cells  i^  both 
of  practical  importance  aud  tlicorotic  intereiit,  and  wiU  woll  re- 
pay the  student  for  the  outlay  in  time  and  labor,  if  attention  is 
directi?d  chiefly  to  tho  rt'sulta  and  the  k'sMons  they  convey,  and 
not,  as  too  commonly  happens,  principally  tu  tho  methods  of 
nia:iij>ul.-itiati. 

The  Chemical  Composition  of  the  Blood.— Blood  has  a  decided 
but  faint  iilkniinc  reaction,  owing  chieily  to  the  presence  of 
«udium  biplio8phat4?  (Na,HPO.),  a  t^dine  ta.-«to,  and  a  faint  odor 
characteristic  of  the  luiinml  group  to  which  it  belongs,  owing 
probably  lo  vohitile  fatty  acids.  The  specilic  gravity  of  blood 
varies  between  11)45  and  U'lS,  with  a  mean  of  1065;  tho  spe- 
cific gravity  of  the  corpuscles  being  about  1105  and  of  the 
plasma  1027.  This  JifFtTence  explains  the  sinking  of  the  cor- 
puscles in  bl(X)d  withdrawn  from  the  vessels  and  kept  quiet. 
Much  the  same  dilKculties  are  encountered  in  attempts  at  the 
exact  determination  of  the  chemical  composition  of  the  blood, 
as  in  the  cum  of  other  living  tissues.     Plasma  altera  its  ph>'s> 
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iei  nn<I  it*'  f  RMKIpaI  oompoAition,  to  what  extent  is  not  exactly 
kiiiiwii.  h'Ik'11  rfriu'Vifi  fmm  the  bndy. 

Compoiition  of  Semm.— The  Huiil  remaiiiine  aft<>r  coagulation 
nf  ib>-  IiIoi.m]  villi,  of  c-iiurse,  be  examined  chemically  with  cua- 
eidernbl)'  thorough  moss  and  confidence. 

By  far  tht!  grwiUT  |mrt  i>f  serum  consists  of  water;  thus,  it 
baa  been  ettiniatwl  tlmt.  of  100  parts  the  following  statement 
will  represent  fairly  well  th©  jiroportioniil  composition: 

Water »"  parts; 

Proteids 8  to  tf    " 

SiUines,  fats,  and  extractives  (small  in 
quantity  and   not    readily  ohteinod 

f  rw) lto2  parts. 

The  proteiils  are  made  up  of  two  substances  which  can  be 
distinguished  by  solubility,  temperature  at  which  coagulation 
occurs,  etc.,  known  an  jmniyJobulin  and  sfiim-albumtn,  and 
wliieh  may  exijtt  iu  equal  amount. 

It  ia  not  possible,  of  course,  to  say  whether  theso  BubstancM 
exist  M  such  in  the  living  blood-plasma  or  not.  , 

Tho/n/«  are  verj'  variable  in   quantity  in  sernm,  depend- 
ing on  a  corresponding  variability  in  the  plasma,  in  which 
they  wt>ul(l  bo  natnraUy  found  in   gi-entost    abundance  after 
a  meal.    They  exist  as  neutral  stcnriii,  pnlmitin,  olein.  and  as 
II        soaps. 

H  The  principal  esrtradiivs  found  are  urt-a,  creatin,  and  alliwl 

^     iKxliee,  sugar,  and  lactic  acid.    Serum  in  most  animals  contains 

mort>  of  sodium  salts  than  the  corpuscles,  while  the  latter  in 

roan  and  some  other  mammals  contain  a  preimuderating  quan* 

^H     (ity  of  [fotassium  compounds. 

^^        The  princiiMil  stilh  of  serum  are  sodium  chloridu.  sodium  bi- 
^^Ukrbonato,  sodium  8iil|>lutto,  and  phosphate.'  in  smaller  quantity, 
l^^^b  alfto  of  calcium  and  oiugucsium  phosphate,  with  rather  more 
of  potassium  chloride. 

It  i.s  highly  probable  that  this  proportion  also  repreeenta 

tUKHlerately  well  the  composition  of  pla.smn,  which  is,  of  coursOt 
from  a  phyMological  iHiint:  of  view,  the  important  matter. 
The  CompoutioB  of  the  Corpneole*.— Taken  together,  the  differ- 
ent fornix  of  bliHiii-celli^  niiike  up  from  one  thinl  to  nearly  ono 
half  the  weiglit  of  the  blood,  and  of  thii«  the  red  corpuscles  may 
^_     be  ditntidertil  as  constituting  neiirly  the  whole. 
^P  The  colorless  colls  are  known  to  contain  fati  and  glycogen, 

'^         which,  with  salt*,  we  may  bi'licve  exist  in  the  living  cells,  and, 
in  addition  to  the  prutvids,  into  which  protoplasm  resolves  it- 
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self  upon  tlio  iliwrgnnizntion  that  constitutes  its  dying,  lecithin, 
IiruUsiiii,  Willi  other  vxtriMrtivee. 

Tlio  proiiiiniiit  diviiiiral  fact  connei-t*<i  with  th«*  red  corims- 
clvs  i»  tUbir  Ix-irig  cui)it>08e(l  in  groat  piu-t  of  a  peculiar  culurud 
protoiil  cumpuuiiil  coiitiiiiiing  iron. 

This  will  l)L-  fully  considL-ruii  hiter:  but.  iu  thi-  itivAn  time,  we 
may  Btato  that  tht>  ha-moglobin  is  itsolf  infiltrated  int-o  the 
meBltea  or  framework  [stroma)  of  the  corpUHclo,  which  latter 
seems  to  he  composed  of  a  member  of  the  s;lnbuliti  class,  so  well 
chBract^'i'ii'.od  by  solubility  in  weak  saline  solutions. 

The  following  tabular  statement  repi-awnts  the  relative  pro- 
portions in  KM)  parts  of  the  dried  organic  matter  of  the  retl  cor- 
pusck-s: 

Hiemogtobin flO'M 

Proteids 8-(i7 

Lecithin 0-fi4 

Choleeterin i O'iS 


lOO'OO 


The  quantity  of  salts  is  very  small,  1«8«  than  one  per  cent 
^inorgan  ic). 

So  much  for  the  results  of  our  analyses ;  hut  when  we  con- 
sider the  part  the  hlood  plaj-s  in  the  economy  of  the  body,  it 
miwt  appear  that,  Kiacy  the  life-work  of  everj*  cell  expresses  it- 
self through  this  fluid,  br>th  as  to  what  it  removes  and  what  it 
adds,  thu  hlood  can  not  for  any  two  successive  moments  be  of 
precisely  tho  same  composition :  yet  the  di-partiin-s  from  a  nor- 
mal standard  must  Iw  kept  within  vi-ry  nnrmw  limits,  other- 
wise deransemeut  or  pusaibly  dtfath  results,  Wu  think  that, 
before  we  have  concluded  the  study  of  the  various  organs  of 
the  body,  it  will  appear  to  th?  student,  as  it  does  to  the  writer, 
that  it  is  highly  probable  that  there  ai-e  great  numbers  of  eoni- 
pounds  in  tho  blood,  either  of  a  character  unknown  as  yet  to 
our  chemistry,  or  in  such  xmall  quantity  that  they  elude  detec- 
tion by  our  nietliotls;  and  we  may  add  that  w©  believe  the 
same  holds  for  all  tho  fluids  of  the  body.  The  complexity  of 
vital  processes  is  great  beyond  our  eumprvliension, 

It  must  be  especially  home  in  mind  that  all  tho  pfkbulum 
for  every  cell,  however  varied  its  needs,  can  be  derived  from 
the  blood  alone;  or,  as  we  shall  show  presently,  strictly  speak- 
ing from  the  lymph,  a  sort  of  middle-man  between  the  blood 
and  till-  lis-itii-s. 

The  Quantity  and  the  Distribution  «t  the  Blood. — Any  attempt 
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Imate  the  total  quantity  of  blood  in  the  body  of  an  nnitiml 
liy  lilrCHihii;  is  hi);hty  fallacious  for  varioUB  reaaoiiR.  Il  is  im- 
po«8i)>lo  to  withdraw  all  the  blood  from  the  vensels  by  mvroly 
Dpuniiig  oven  the  larpest  of  them,  and,  if  it  were,  the  original 
qanntily  wunld  be  aujtmented  by  fluid  alisorbed  into  them  dur- 
ing the  vurj-  act.  No  metbnil  has  ti»  yet  I>ecu  devised  that  ia 
free  from  objection,  lionce  the  conclusions  nrrived  at  as  to  the 
total  quantity  of  blood  aru  not  in  accord :  and  in  the  nature  of 
the  case  no  atvunitu  ei<timato  CAU  he  modo,  but  about  one  thir> 
teenth  to  one  fourU>vnth  maybo  tokeaassfair  iiveruge;  so  that 
ill  a  man  of  one  hundred  and  forty  pounds  weight  there  should 
be  almut  ten  pottnds  of  blood;  but,  of  course,  this  will  vary 
with  ovi'i-y  hour  of  the  day  and  will  be  greatest  after  a  meal. 

As  an  example  of  the  methods  referred  to,  we  give  Welck- 
w*»,  which  is  briefly  as  follows:  The  animal  is  bled  to  dunth 
from  the  carotid ;  a  sample  of  the  licfibriiiated  blood  (Ice.)  ia 
saturate  with  cnrlion  moiioxidu  (CU).  which  givt^^  a  perma- 
nent red  color:  this  diluted  withfiOUcc.  uf  watA.-r  furuii^hoKa 
standard  sample.  Tho  blood-VMsols  of  the  animal  are  washed 
oDt  with  a  'i3  per  cent  solution  of  common  miH.  but  the  out- 
flowing stream  is  colorless;  to  this  is  added  the  fluid  obtained 
by  chopping  up  the  tissues  of  tho  animal,  steeping,  washing 
out,  and  pressing.  The  whole  is  diluted  to  give  the  color  of  tho 
fliandani  ^dution,  from  which  the  amount  of  bloorl  in  this  mixt- 
nre  may  tw  cAlculnt«<],  since  every  Aiiu  ce.  answers  to  1  cc  of 
blockd:  tho  blood  obtained  by  bleeding  can,  of  coumo,  be  accu- 
rately measured. 

It  would  be  slightly  more  accunita  to   make  the  di1ut«d 
Ijlood  of  the  animal  operated  upon  the  standard  without  treat- 
w.*nt  with  carbon  monoxide. 

Such  a  method,  though  the  best  yet  devised,  is  open  to  ob* 
jivtion  aliKi.  as  will  ocimr  to  most  readei-s. 

The  relative  riuantities  of  blood  in  dilTerent  parts  of  the 
body  havo  b«>n  estimated  to  be  a.s  follows: 

Liver one  fourth. 

Skeletal  muscles " 

Heart,  lungs,  largo  artorioB,  and  veins.    "       " 
fHhor  structures. "        " 

The  signiticanrt'  of  this  ilislributiun  will  np|>oar  later. 

The  CoagaUtion  of  the  Blood.— Wlivu  bloud  is  removed  from 
lis  accustomed  channels,  it  undergoes  a  marked  chemical  and 
physical  change,  termtKl  clotting  or  coivgulation.  In  the  case 
of  most  vertebrates,  almost  a^  soou  us  the  blood  leavc«  the  ves- 
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sels  it  lit'gins  to  niicki.-n.  ntid  gradunlly  nwiuires  a  consistciice 
that  mny  Ik;  com]  him  I  tu  tliat  of  jolly,  so  lh«t  it  can  no  Idiigfr 
be  poured  from  tlie  coiitniniiig  vessel.  Though  some  have  ptt-. 
Ofrnized  ditferent  stages  as  riistinct.  and  nnmod  them,  we  think 
that  an  unprojudired  observer  might  fail  to  see  that  there 
were  any  well-mnrkod  iippoitrauct*  oL-curring  iiiviiriAbly  nb  Iho 
same  momniit,  or  with  resting  Klagos  iu  the  procoiw,  as  with 
the  dovelopment  of  ova, 

Aftvr  coagulation  has  reduct'd  the  blood  to  a  condition  in 
whii'h  it  i»  no  longer  diffluent,  minute  drops  of  a  thin  fluid 
gradunlly  show  themselves,  exuding  from  the  main  mass, 
faintly  colored,  hut  never  red,  if  the  vessel  in  which  the  clot 
has  formed  has  been  kept  quiet  so  that  the  red  corjinscles  have 
not  been  disturbed;  and  latar  it  may  he  noticed  that  the  main 
mass  is  beginning  1o  sink  in  the  center  (riippiufi) ;  and  in  the 
blood  of  certain  animals,  as  the  horse,  which  riots  slowly,  the 
upper  part  of  tlie  coaguhim  {erassam^nlum)  apj>eai-s  of  a 
lighter  color,  owing,  as  microscopic  oxnminntiou  shows,  to  the 
relative  fewness  of  red  corpusclos.  This  is  the  buffy-coat,  or,  a* 
it  occurs  in  iiifliunmatory  conditions  of  the  blood,  was  termed 
by  older  writers,  the  crtishi  phluyisfica.  It  Is  to  bt>  distinguished 
from  the  lighter  red  of  certain  parts  of  a  clot,  often  the  result 
of  greater  exposure  to  the  atr  and  more  complete  oxidation  in 
conseciuence.  The  white  blond-cells,  being  lighter  than  the  red, 
are  also  more  abundant  in  the  upper  part  of  the  clot  {buffy- 
eoot).  If  the  coagulation' of  a  drop  of  blood  mtiidrnwn  from 
one's  own  Riiger  be  watched  under  the  microscope,  the  red  cor- 
puscles may  be  woeii  to  run  iiilo  heaps,  like  rows  of  coins  lying 
against  each  other  (ronU'iULr,  Fig,  IW),  and  threads  of  the 
greatest  tineness  are  ohsL-rved  t<i  radiate  throughout  the  mass, 
gradually  increasing  in  number,  and,  at  liiist,  including  the 
whole  in  a  meshwork  whicli  slowly  contracts.  It  is  the  forma- 
tion of  this  fibrin  which  is  the  essential  factor  iu  clotting ;  the 
inclusion  of  the  blood-cells  and  the  extrusion  of  the  serani 
naturally  resulting  from  its  fonnation  and  contraction. 

The  great  mass  of  every  clot  consists,  however,  of  corpos- 
oles;  the  quantity  of  fibrin,  though  variable,  not  amounting  to 
more  usually  than  about  "i  per  cent  in  mammals.  The  forma- 
tion of  the  clot  does  not  occupy  more  than  a  few  minutes  (two 
to  seven)  iu  most  mammals,  including  man.  but  its  contraction 
laste  B  very  considerable  time,  so  that  senim  may  continue  to 
exude  from  the  clot  for  hours.  It  is  thus  set-n  that,  in!>tead  of 
the  plasma  and  corpuscles  of  the  blood  as  it  exisl.s  within  the 
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J  lirxly.  rongulnlion  lias  ri'sultoil  in  the  forniBtion  of  two 
new  pnjiliicts — i«Tiim  ami  fiLrin — ililTpring  botli  pliysk-ully  uiid 
chcmicaUy.    Thow  taicU  may  bo  put  in  tabular  form  thns : 

BIckh)  lis  it  Row)!    t  Liquor  sikiiK'tiiiiii  (ptiuniu). 
in  Iho  ti-mdU.       I  CorpUNclcn. 

Blood  afUT  CO-    jOoapiluraj^^;^'^^,^ 

fibrin  tuny  Iw  »eon  to  arise  \a  the  fonn  of  threads,  under 
Icro^opo,  in  coagulating  bloo<l.  and  eiuco  no  trace  of  it  in 
any  form  has  becm  dotooted  in  the  plasma,  nnd  tho  proccf^  can 
be  acconnti'd  for  otliPrwiBf,  it  sfoiiiw  utiju^tjfiublo  to  tutsume 
that  fibrin  exists  preformed  in  tho  blood,  or  arises  in  any  way 
prior  to  actual  coagulation. 

Fibrin  bplonRs  to  thp  cIrss  of  bodies  known  as  proteiiia.and 
c«n  be  di8lin>;uished  from  the  other  Bubdivisions  of  this  group 
of  subHtanceB  by  certain  chemical  a<i  well  as  physical  charnc- 
leriAtirs.  It  is  iiiHoluhle  in  water  and  in  soliitinns  of  sodium 
chloride;  inwoluble  in  hydrochloHc  acid,  though  it  swells  iti 
this  nu-ti^ruuni. 

It  nmy  Iw  whipixtd  out  from  tho  freshly  sht>d  blood  by  a 
bundle  of  twigs,  wirci^,  or  other  similar  arrnngement  present- 
ing A  c»)nsidiTtible  extent  of  surface;  and  when  washed  free 
from  red  blood-cells  preseutji  itsulf  iis  a  white,  stringy,  tftugh 
subatancc.  admirably  adapted  to  retain  anything  entangled  in 
its  me»he>t.  If  fibrin  does  not  exist  in  the  plasma,  or  does  not 
arise  directly  as  such  in  the  clot,  it  must  have  some  antecedents 
alreoily  existing  as  its  immediate  factors  in  the  plasma,  either 
befor«'  or  after  it  is  shed. 

Wo  shall  here  present  certain  foots,  and  examine  the  conclu- 
gjons  drawn  from  them  afterward : 

I.  Blood  may  he  prevented  from  coagulating  by  receiving  it 
!a  a  solution  of  a  neutral  salt  (vHiyiieshiui  «rW;>/t<i/':,  etc.).  and 
upon  certain  chemical  treatment  prL-cipit«lo  a  bmly  which  may 
be  obtained  by  additional  manipulation  as  a  white,  flaky  eub- 
vtancc,  that  may  be  shown  not  to  be  fibrin,  but  which  will 
dot  and  so  give  rise  to  this  body.  Such  is  the  jitasmine  of 
Dnnia. 

t.  By  treatment  of  plasma  with  solid  sodium  chloride,  two 
bodies  with  different  coagulating  points,  but  belonging  t<j  the 
aune  group  of  proteide  (globulins,  soluble  in  saline  solutions), 
may  l>e  obtained,  donomiuated  paraglobulm  and  fibrinogtn  rv- 
•pectjvoly. 
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3.  Paraglobulinmii}'  boobtninod  from  serum  also,  a[i<1  fibrin- 
oguu  rn>iii  rortriiii  iUiUh  ofcurriiig  noriiinlly  [pericardial,  ]>it  u- 
ral,  otc)  or  nbnoriittilly  {hydrocrlcfiui'l). 

i.  Scrum  mlik-d  to  llit^M'  fluids  sumL-tlmes  induces  congnls- 
tion. 

5,  Coa^ulati'in  may  Lx.-fiir  sponttineoualy  in  tin*  abovp-men- 
tioned  fluids  wbcti  removed  from  thu  natural  wiat  of  their  for- 
mation. 

fi.  A  prpjmrafinri,  nimln  by  extracting  serum  or  the  whipped 
(delibriiinlfd)  bliKHi  n<id<!d  t<»  specimens  of  certaiti  fluids  wliun 
they  do  not  coagulate  spontaneously,  as  hydrocele  fluid,  oft«R 
induces  8|)eocly  clotting. 

7.  Tills  extract  (fibriti'/ertiwut)  loses  its  proiwrtioa  on  boil- 
ing, and  a  vury  small  iiniiiitity  suffices  in  most  cuse«  to  iuduc« 
tJie  roiiuU,  For  tlit»(i'  iind  other  reasons  this  ngent  has  been 
classed  among  bodies  known  as  ununjanizeii fvrmct\ts,  which 
are  disliiiKuished  by  the  following  pro|>L'rtiL-s : 

They  exert  their  influence  only  under  well-defined  circum* 
atancps,  among  which  is  a  certain  narrow  range  of  tempera- 
ture,  about  blood-heal,  being  most  favorable  for  Iheir  action. 
They  do  not  seem  to  enter  themselves  into  the  resulting  prod- 
uct, but  act  from  without  as  it  were  (catalytic  action),  hence  a 
very  small  quantity  suffices  to  effect  the  i-esuU.  In  all  cases 
they  are  destroyed  by  boiling,  though  tbey  bear  exposure  for 
a  limitvd  period  to  a  frei^hig  temperature. 

The  conclusions  drawn  from  the  above  statements  are  the«e; 
1.  Coagulation  i-esults  from  the  action  of  a  Gbriu- ferment  on 
fibrinogen  and  paraglobulin.  'i.  Coagulation  rusults  from  the 
action  of  a  fibrin  •ferment  on  fibrinogen  alone.  3.  Denis  plaismine 
is  made  up  of  fibrinogen  and  paraglohulin. 

From  observritions.  microscopic  and  other,  it  has  been  con- 
cluded that  the  corpuscles  play  an  im])ortaiit  part  in  coag:ul»* 
tlon  by  furuishiug  the  fibrin-ferment;  but  the  gi-eatest  diver- 
sity of  opinion  prevails  as  to  which  one  of  the  morphological 
elements  of  the  blood  furnishes  the  ferment,  for  e-dch  one  of 
them  has  been  advocated  as  the  exclusive  source  of  tins  fer- 
ment by  different  observers. 

The  above  conclusicms  do  not  seem  to  us  to  follow  neees- 
aarihj  from  the  premises.  It  might  be  true  that  a  solution  of 
fibrinogen,  on  having  fibrin-ferment  added  to  it,  would  clot,  and 
yet  it  wouM  not  follow  that  such  was  the  process  of  coagula- 
tion in  the  blood  itself.  All  specimens  of  hydrocele  fluid,  and 
similar  om.-s  not  spontaneously  coagulable,  do  not  clot  when 
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filirin-r<>rmpnt  is  a<I<lt-(l.  Morcowr,  filiriii-furmont  has  not  beea 
Lw>lat4-il  as  an  absolutely  distiiiL-tiilu'iuical  indiviiluMl.froc  from 
all  iin]nirilieK. 

BM'Jtuiw  fibrinogen  anri  parajrlolmlin  (five  rise,  under  certain 
oirciimstances  (it  is  iu<serted)i  t^  fibrin,  and  »nre  placmiine  act-s 
tikowiw,  it  doett  not  follow  that  plasmin')  contain!*  these  bodies. 
Further,  it  18  »tAtod  that  in  the  blood  of  cru.stacean8  tJic  clot 
ariflota  from  Hw  corpu-scles  uhiofly,  whicrti  ruu  together  and 
blend  into  ft  lionu>Kiint.-*Mi«  iiirtfw.  The  fibrin  so  riiliod  in  itiicli 
a  case  ilitFvre  nut  a  littlv  cli<.-iniciilly.  it  i^ould  prubnbly  bo  kIiowii, 
if  our  tests  wero  delicatu  enough  to  discover  it,  from  that  which 
is  dpnum!nat4?>l  fibrin  in  other  caxvs.  "  Fibrin -fei-mt-nt "  seems 
to  have  been  usihI  to  cover  much  i)i»oi'Hn«3  and  unnecttstary 
invention,  aa  we  t^hall  endeavor  to  show  later  on;  and  n-e  can 
not  bnt  rcfjard  the  reaiwninK  in  rej^rd  to  the  coa^lation  of 
the  blo«id  aa  evidence  of  an  erroneous  interprntation  of  cei-tain 
fsctii  on  the  one  band,  and  a  large  overnight  uf  additional  facts 
on  the  other  hand. 

In  the  mean  time  we  turn  to  certain  well-known  phenomena 
nhich  bear  a  dear  int<-rprr!tation:  1.  The  bloo<l  reniaiiLS  fluid 
in  the  vessels  for  some  time  after  the  death  of  »ii  animal ;  rlotit 
firat  in  the  larger  vessels,  and  keeps  fluid  longt>i<t  in  the  amallor 
voins.  2.  The  blood  in  the  heart  of  a  cold-blooded  aninm],  as 
tliat  of  the  frog  or  turtle,  which  will  heat  for  days  aftwr  tliu 
onimni  it^lf  is  den<l,  maiiitaiiiR  its  fluidity,  but  clots  nt  once  uu 
removal,  .t.  The  bioo«l  iiii-li»fii>d  in  n  lurgo  vein  removed  be- 
twuon  Hgatiiret*  dixvi  nut  coagulntc  for  mitny  liouru  (twenty- 
four  to  forty -ni gilt). 

Tbvrv  are  ulno  facts  of  lui  opposito  nature,  thus:  1.  Wlim 
bloo<l  passes  from  n  blorH)<ve)4s(^<l  into  one  of  the  cavities  of  thu 
biMly,  it  clot«  iw  if  i^hcd  vxteruully.  i.  If  a  ligature  be  piiHAod 
tightly  around  an  art4.-ry  no  as  to  rupture  thu  cWtic  coat,  co- 
agulation ensues  at  the  site  of  the  ligature.  3.  A  similar 
clotting  resolts  when  the  inner  coat  of  a  blood-vessel  is  dis- 
eased, aa  in  the  case  of  roughening  of  the  valves  of  the  heart 
from  indammation,  or  the  changes  that  give  rise  to  aneurism 
of  an  artery,  i,  A  wire,  threatl,  it  other  like  foreign  body, 
iutriMluced  into  a  vein,  is  speedily  covereii  with  fibrin. 

Thi'w*  facts,  and  others  of  like  rhiiracter.  hove  been  inter- 
prulvd  UK  indicating  that  the  living  tiusuusof  the  blood-vettsel  or 
bcATt  in  some  way  pi-t-vont  coagulation,  but  as  to  details  there 
is differencw  of  opinion.  S'luiu  bi-Iicvt-  that  the  fibrin-fern lent 
fusential  U*  coagultition,  uccordiug  to  their  view)  is  funned  by 
II 


les 


AHIMAl.  PHYSlULOOV. 


the  coTpuscIoR  constsntly.  lint  in  the  above  coses  nnd  duriug  life 
U  not  I'fTcctivu  biicntisi*  hI  once  rojiKived  hy  Ihovp&sel  walU: 
while  othorsuroof  uiiitiion  IhiU  the  living  colls  i^oiiipusiiig  these 
walls  ptvv«nt  the  forniatiou  uf  thii  furmout. 

Even  wboQ  injcc'ted  into  the  bloml-vwsisels,  fibrin-fermpnt 
does  not  induce  coiiguUition.  nor  dues  the  constant  deuth  of  thi> 
blood-cells,  su{>iK>8ed  thus  to  give  rise  to  tliis  subsiiuioi.-.  cnui^c 
clotting. 

Bnt  the  truth  is,  there  i«  no  necessity  for  all  these  somewhat 
artificial  views,  Aliich  seem  to  us  to  smack  more  of  the  labora- 
tory than  of  nature. 

Wo  woulf]  exjilnin  the  whole  matter  somewhat  Ihuf:  What 
the  blood  is  in  cliL'Uiicnl  composition  and  other  jiropertioK  from 
moment  to  moment  ii  the  result  of  the  complicatetl  iuterni-tion 
of  all  the  rarious  ctdla  and  tissues  of  the  body.  Any  one  of 
these,  departiuE  from  its  normal  behavior,  at  oncv  affecta  the 
blood;  but  health  implies  a  constant  effort  toward  a  certain 
equilibrium,  never  actually  reached  but  always  beiuff  striven 
after  by  the  whole  organism.  The  blood  can  no  more  maintain 
its  vital  ef[uiIibHum,  or  exist  as  a  living  tissue  out  of  its  usual 
enviroLiQfiit,  thaii  any  other  tisxue.  But  the  exact  circum- 
Ktaaees  under  which  it  may  become  digorganized,  or  die,  are 
legion:  hence.it  is  not  likely  that  the  blowl  always  dot*  in 
the  same  way  in  all  groups  of  animals,  or  even  in  the  same 
group.  The  normal  disorganiaatiou  or  death  of  the  tissue  re- 
sults in  clotting ;  but  there  may  be  death  without  dotting,  as 
when  the  blood  is  frozen,  in  various  diseases,  etc. 

To  say  thai  fibrin  is  formed  during  coagulation  expresses  in 
a  crude  way  a  certain  fact,  or  rather  the  resultant  of  many 
facts.  To  explain:  When  ^npowder  and  certain  other  ex- 
plosives arc  deconipiwed,  the  result  is  the  production  of  cer- 
tain gasoe.  If  we  knew  tho»e  gtises  and  their  mode  of  com- 
position but  in  the  vuguwtt  way.  wo  should  bo  in  much  the 
same  position  as  wc  ara  in  regard  to  the  coagulation  of  the 
blood. 

There  is  no  difficulty  in  nnder.ttanding  why  the  blond  does 
not  clot  in  the  ve^seU  after  death  so  long  as  they  live,  nor  why 
it  does  coagulate  upon  foreign  bodies  introduced  into  the  blood- 
atreatn.  So  long  as  it  exists  under  the  very  conditions  under 
which  it  began  its  being,  thei-e  is  no  reason  why  the  blood 
should  become  <lisc>rgaiiized  (clot).  It  would  be  marvelous  if 
it  did  elot,  fi>r  then  we  could  not  umlerstand  how  it  could  ever 
have  been  developed  ax  a  tissue  at  all.     It  is  just  as  reasonable 
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msk  wliy  lincs  not  n  muscle-coU  become  rigid  (clot)  in  the 
iKxly  during  lifo. 

ppiibftbly  ill  no  field  in  pliyBiology  has  so  much  work  been 
donfi  with  so  little  profit  n»  in  tlio  ont;  we  are  now  discuHfiing: 
and,  as  wp  vetituru  to  think,  nwin^  to  a  misconception  nf  the  renl 
tiftture  of  the  problem.  We  can  understand  the  pracfical  im- 
|Kirlnnce  of  det^rmininff  what  circnmt^tanoes  favor  eonguhition 
OP  ri'tnrd  it.  both  within  the  vessels  and  without  thoni ;  bnt 
from  1*  thwirelicjil  iKiinl  of  view  the  snbji-ct  luia  tifrcn  cxidted  out 
of  till  proiHirtiun  to  ittt  lni)i<irtanoo;  and  wu  uboutd  not  have 
dwoJt  so  long  ufxin  it,  or  Wrdvnoil  the  student  with  some  of 
the  theories  we  liave  statiil,  except  in  deference  to  the  views 
Uehl  by  so  many  physiolofjists. 

It  is  not  surprising  that,  looking  at  the  suhject  with  a  dis- 
tortMl  mental  perspective,  one  theory  should  have  replncwl  nii- 
otlier  with  such  rapiility.  It  is,  however,  of  practical  i«ii>or- 
lance  U*  the  nietlical  student  to  remember  some  of  thi.-  factors 
thai  hasten  or  rotard.as  the  case  may  be,  tlie  coagnlut  ion  of  tht* 
blood.  Cnogulntion  \x  fuvori^^l  by  gvulb'  muVL-munt,  contact 
with  foreign  iiodi***:.  a  t^-mperaturo  of  about  38'  to  40°  C,  addi- 
tion of  a  small  quantity  of  watwr,  free  access  of  oxygen,  etc. 
The  process  is  retarded  by  a  low  temperstnre,  addition  of 
abundance  of  neutral  salts,  extract  of  tlm  mouth  of  the  leech, 
peptone,  much  waiter,  alkalies,  and  niHuy  otlier  Hubstana3«. 
The  OJicoss  of  carbonic  anhydride  and  diminution  of  oxygen, 
wem  to  hi'  the  cause  of  tlio  ^lowr-rcuiagiiliition  of  vomin»  blood, 
hence  thi-  bluixl  long  rerntiitis  fluid  in  nnimaU  ii.sphyxinti<d.  A 
tittle  reflection  sutficox  to  t'xplain  thu  m'tion  of  motit  of  the  fac- 
tors enumerated.  Any  causo  whii-h  hastens  tliu  disintegration 
of  the  b!ix)d -colls  must  accelerate  coagulation :  chemical  changes 
underlie  the  chanties  in  this  as  in  all  other  chae^  of  vital  action. 
Stowing  of  the  hlood-sti-eam  to  any  appreciable  extent  likeunse 
favors  clotting,  hence  the  explanation  of  the  success  of  the 
Imtment  of  aneurisms  by  pretwure.  It  is  plain  that  in  all 
euch  cases  the  normal  relations  butwvou  tho  blood  and  the  tis- 
sues are  disturbi>d,  and,  when  this  readies  a  certain  point,  duith 
(roaRolation)  ensiif«,  ji*  with  any  other  tissue. 

Clinieal  and  PathotogieaL— The  dianges  in  the  blood  that 
chanurlenze  certain  ahnormal  states  are  highly  instructive.  If 
Wood  fnmi  an  animal  he  injected  into  the  veins  of  one  of  an- 
other species,  the  dwith  of  the  latter  often  results,  owing  to  non- 
adaptation  to  the  blood  already  in  the  vessels,  and  to  the  tissues 
of  tho  creiaturo  generally.    Thecnrpusclejshreak  up— the  change 
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of  cunditioiLt  Jias  been  too  greats  Deficiency  in  the  quantity  of 
tbe  binotj  an  a  whole  loliiffrmui)  <-nu8i'S  »eriou8  clmii};v  hi  tho 
functions  of  the  l>0(ly  :  but  tlwt  a  hiLMiiorrliagoof  coiisiik-mbk' 
extent  can  b«  s(i  quickly  rocoveri'd  frum  by  uiaiiy  iK'r«uii*i, 
spcAks  much  for  thv  rocujH-rnttvc  jtuwor  of  tlio  bluu<l-funuiuK 
ti>isues.  Viiriuus  kin<I.s  <if  <listurbuiicu!(  iu  these  bhrnil-forniiiifj 
orgiiae  vt-sult  in  either  deficicui;y  or  excess  of  thu  bluod-c<?ll8, 
and  ill  Mmovaiies  the  appearance  ofunusnti!  fornix  of  curjiuecloii. 
A'lipmia  muy  uriue  from  u  deficiency  either  in  ihv  uunHivrs 
or  the  quitlity  of  the  rwd  cvXla ;  they  umy  hv  too  few,  deficient 
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FYo.  IM  -iiiillnn  of  ltd  mrpowlOi '■>  ■  own  of  imitminil  aiin>miii.     1. 1,  norm*)  fnr|>iivlf« ;~ 
».  lonr-  r"l  eofpiaeia   nwetlOByte;  «,  i.  vrrj"  Im-riiUr  (umiK-iwikllwyt™ ;  *.  rtrj 

•nmlJ  ili-i|i  nirl  nfiqiiiMlw    TillrfiiiTyliw 
Fid.  IM     oniflii  ■rfnikvwjiUafniiiiiM  (!erpiMe)«b7pruceaiof  LiiililInK  uiil  IliailoD.  B|)•o^ 

nirii  fnrQi  rcil  nwrrcnr. 
Fto.  IU.— :cui:hial«l  nd  lilooilirarpiuiclMfraiii  blood  In  MWoF  kiiliivniM 
Flo.  118,  — C"r|iii*d«  ivintjiinlOK  pmI  bluod  ■xu'puH.-ln.   1.  ti-um  bluoa  ■)(  uliKil  atwmi ;  3,  from 

btooal  nf  ■  Iniiluitliili:  pitT  knt, 
FBI.  1ST.   -11. 1,  ».  »,  •p1i<»n  ci-iln  onriiAlnlijK  Ti"i  Wnndcinrpiirel™    It.  (riim  iiinrmw  ;  1,  upII  (wn- 

lalnlDK  niii-'  nol  I'orpiivliv  :  -J,  ivll  wllli  o^lilltli  uTaniilar  plemfai :  >,  fiinirnmi  Mil  CUD- 

laliUOK  A  HUiiftr  EVil  i^'riniki^ti-.    f.  <v<iiiiri<ih>  El^LirooTiHiuJo  from  «iilvulAti«ni*  lliviiv  <if 

yniTifTxt.  ttlii'niutt  t'li^  hiUiu^'Muiarili«vrlu|iiii<'iii<>F  rvnt  ti1ixkl.aoriiuu;li-k    iFlei-  tJn-lS?. 

■  rirt  t*i)''r  I 

in  size,  or  hiclciiig  in  tlio  uomial  quantity  of  ha-mi.>globin.  In 
one  form  {perttiduiia  antumui),  wliich  often  pruvcx  fatal,  n 
variety  uf  forms  of  the  red  blood-cells  may  uppeiir  in  tho  bkioiU 
Blream;  some  umy  bu  very  itmiill, some  larger  than  utiual, others 
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iraclcntcil,  i't<-.  Again,  the  wliili.'  vtAh  m»y  be  so  niultipHwl  that 
the  bltxxl  mny  boar  in  oxtrumo  0(u(«8  a  rt-^mblttiiou  to  milk. 

In  thc««  COMW  thero  tuM  boen  fuuml  iiMSociabcd  un  unusual 
condition  of  tbo  bono-marrow.  tho  lymphatic  glands,  the  spleen, 
ami,  some  hiivu  tbuu^bt.  of  otht-r  parl^. 

The  exressive  action  of  these  or>(anB  results  in  the  production 
and  dtschnr^  into  the  blood-current  of  cells  that  aro  immaturu 
Biid  t'mhryonir  i«  character.  This  seems  to  us  a«  i^xaniplu  of 
a  revrrsiiiH  lo  nn  oiM'Iier  onndition.  It  is  instructive  also  in  that 
the  foctM  jioint  to  a  poitsihie  seat  of  origin  of  the  ci>lls  in  the 
adult,  and,  taken  in  connection  with  other  factx,  \r»  may  say,  to 
their  normal  suurco.  Tlu-se  bIoo<i-pn)duciiig  organB,  bavins 
too  much  U»  do  lu  dtMcue,  do  their  work  badly — it  ia  incoiu* 
plete. 

Although  the  evidonce,  from  experiment,  to  show  that  th« 
mwouK  »y.st<>m  in  mammals,  and  especially  in  man,  lias  an  iu- 
fltWDce  over  the  formation  anii  fate  of  the  blood  geiiernlly,  in 
Kfinty,  there  can  be  little  doubt  that  snch  is  the  vnat:  when  vro 
take  into  account  instances  that  frequently  fall  undor  the  notice 
of  phyMcinns.  Cortain  forms  nf  ann>mia  have  followLiJ  so  di- 
rectly u|>on  emotional  shocks,  escc!<isivo  mental  wurk  and  worry. 
as  to  leare  uo  unocrtninty  of  a  connection  between  thi^to  and  the 
chnnK^'S'"  lheb!ix)d;  and  the  former  must,  of  course,  have  acted 
chietly  if  uot  solely  ttiruugb  the  nervous  system, 

It  will  tliu«  be  appari'ut  that  th«  facts  of  disease  are  in  har- 
mony with  the  views  WO  have  been  enforcing  in  regard  to  the 
bln<id,  which  we  mny  now  briefly  recapitulate. 

SuBinary. — Blood  may  be  regarded  as  a  tissue,  with  n  fluid 
matrix,  in  which  float  cell-contents.  Like  other  tissues,  it  has 
it«  phases  of  development,  including  origin,  maturity,  and 
death.  The  colorless  cells  of  the  blood  may  be  conMidered  as 
original  undifl'erenliated  embryo  cells,  which  retain  tlu^r  primi- 
tive character;  the  non-nucleated  red  cells  of  the  adult  are  Ilie 
mnturo  form  of  nuelont^'d  colls  that  in  thv  first  instance  are 
ndorlout,  and  arise  frmii  a  variety  of  tissues,  and  which  in 
certain  dlwaees  do  nut  mature,  but  remain,  as  they  originally 
were  at  first,  nucleated.  When  the  rwl  cells  are  no  lunger 
fitt*d  to  discharge  their  functions,  they  are  in  some  instances 
taken  up  by  amoeboid  organisms  (cells)  of  the  spleen,  liver. 


fta 


Tho  cbief  function  of  the  red  corpuscles  is  to  convey  oxy- 

i;  of  the  white.Kj  ilovelopas  retjiiirwl  into  some  more  difi'er- 

fiatud  form  of  timtuo,  act  us  porturt)  of  food-material,  aud 
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proIiaWy  to  talte  np  the  work  of  iu»ny  othor  kinds  of  cells 
wlioii  the  newis  of  the  ecotiomy  (lemaini  it.  The  tluiil  matrix 
or  plit8iiia  fiirninhes  the  lymph  by  which  the  tiHSuea  are  tlirect* 
ly  nouri:tlit>(l,  nnii  serves  aa  a  meanii  of  traticport  for  the  cells 
of  thv  blood. 

Tho  chomifjvl  ctmipaiitimi  of  the  blood  is  highly  coiiiiilcx.  in 
acconluueu  wilJi  tho  fiiuction  it  <luichargi>s  as  tin*  rvwrvuir 
whenco  th«  variiMl  UL'cds  of  the  tismifut  arc  siii))»lit-rl;  tuid  thu 
immediate  recuptut-U'  (togL'thur  with  thu  lymph)  of  tht<  entire 
wnate  of  the  body;  but  the  grt^itvi-  uiitulxT  uf  Kubetauera  exist 
iu  very  minute  quantities.  Tho  blood  must  bo  maintained  of 
a  certain  composition,  var.ving  only  within  narrow  limits,  in 
order  that  neither  the  other  tissues  nor  itself  may  suffer. 

TIr"  normal  disorganization  of  the  bloofl  results  in  coagula- 
tion, by  which  a  substance,  |)roteid  in  nature,  known  as  fibrin, 
is  fornipd.  tho  antowdentus  of  which  are  probably  very  variable 
throughout  the  nulmal  kingdom,  iiixl  aru  likely  m  even  in  the 
same  group  of  animals,  under  different  circumstances;  and  a 
Babstance  al>oundiug  in  proteida  (as  dot-s  also  plasma),  known 
as  serum,  sciueezed  from  the  clot  by  the  contracting  fibrin.  Il 
represents  tho  Rlteretl  plas-ma. 

Ceilain  well-known  inorganic  salts  enter  into  the  composi- 
tion of  the  blood — both  plasma  and  corpuscles — hut  (lif  princi- 
pal constituent  of  the  red  corpuscles  is  a  pigmented,  ferrugi- 
nous proteii]  capable  of  crystallization,  termed  htemoglobiu.  It 
i«  respiratory  in  function. 


THE  CONTRACnr.E  TISSUES. 

That  coiitrartility.  which  is  a  fuiidiimenlal  proporly  in  mme 
degree  of  nil  protoplasm,  bocumiug  pnmounced  and  definite, 
giviug  risB  to  niowments  tho  character  of  which  can  Iw  ]»re- 
dicted  with  certainty  once  the  form  of  the  tissue  is  known,  finds 
its  highest  manifestation  in  muscular  tismio. 

Very  briefly,  this  tissue  is  made  up  of  cells  which  may  be 
either  elongated,  fusiform,  nuelwitud.  finely  striateil  lengthwise, 
but  non-striped  trausversely,  unite<]  by  a  homogeneous  cement 
substance,  the  whole  constituting  uon-striped  or  involnntary 
muscle;  or,  long  nucleated  fibers  transversely  striped,  covered 
with  nn  elastic  sheath  of  extreme  thimiess,  bound  together 
into  small  bundles  by  a  delicate  connective  tissue,  these  agniu 
into  larger  ones,  till  what  is  commonly  known  as  a  "  muscle  " 
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is  formod.  Thi«,  in  tlid  lii^Wr  vertebrates,  ondR  in  toiigb, 
inelastic  cxtri'mities  suitaUe  for  attKchmcnt  to  tlio  lovore  it 
may  be  required  to  more  {bonea). 


na.wa. 


m.  m. 


-liar  ObtnrromUieurlntrjrtiliidiJerorUwIiiunkniublwt.   1  ■  m.   IStppey.) 

'  I :  LiLt.  bunlMn  of  laaino  of  lliu  tCbart :  t,  t,  imilalul  niirni :  4.  L  (wu  IIIwh 

fW    .  .J  - -i rianitu' nivni  frnm  Uir  ibirtn  nf  Ihc  calf,    1  ■  XKlL    <8apn>i',)    1, 1.  nifr*  Miif.l 
mm  <«t4i  oUvr  ^  v;  ».  «.  <«}latnl  nl)<.ti. 

Comparative, — The  lowest  iinimal  forma  posstws  thi*  powur  of 
movi-iiH'tit,  whieli,  as  we  havt-  sfoii  in  Am(i>ba,  is  a  result  rather 
ofa  groping  nftiT  food;  and  takes  place  in  a  directiun  it  in  im- 
possible to  prwlict,  thoui^li  no  doubt  rugulated  by  lawx  definite 
enough,  if  our  knowledge  n-ere  equal  tu  tho  task  of  delining 
tbi-m. 

ThtiBe  eiliary  mov*'mpnts  among  thf  infusoriaiit*,  ronnect^-d 
with  locomotion  and  the  capture  of  foud,iiro  exuniplea  of  a  pro- 
toplasmic rhythm  of  wonderful 
l>enuty  anrl  t^implicity. 

MuM-iilur  tisauo  proper  6r»t 
appenr*  in  the  Cofleiiteraia,  but 
not  lu  n  n'holly  independent 
liftUie  in  all  cai^es.  In  many 
ctslenterates  celU  exist,  the  low- 
«  part  of  which  alone  forms  a 
delicate    muHcutar    fiber,  while 

the  superlioial  portion  (myof'liiM).  composing  tho  bo<ly  of  the 
cell,  may  be  ciliated  and  is  not  coutructilo  in  any  8)iecial 
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seofity.  The  non-striped  inu8olo-ce1l<t  arc  most  abundant  among 
the  invort4{<brHU*s,  tliough  foiini]  in  tliL^  viiicoru  and  a  fvw  othvr 
part!)  uf  vi-rtebmtes.  This  form  is  plaiiily  tho  simplor  and 
mui-L'  primilivy.  Tho  voluntary  niU)<4-lti»  aro  of  tin-  striiiwl 
variety  iu  niiiculatos  niicl  UDmv  otLer  juvertobrato  gronpt;  and 
in  all  vertL'brattts ;  aud  tliori*  Kt^tnus  to  bo  sumu  relation  b('lU'C<i<ii 
the  size  of  the  musclo-fibi-r  and  the  functional  powi-r  of  tho 
tit>»u<? — the  finer  they  sro  and  the  better  suiijilied  with  blood, 
two  constant  relations,  the  greater  the  contractility. 

Whether  a  single  smooth  muscle-cell,  a  striped  fiber  {cell),  or 
a  eoIK'Ction  of  tho  latter  {mus<-le)  be  obaerved,  the  invariable 
rfsiillof  contraction  is  a  change  of  shape  whii-h  is  perfectly 
dofiiiiti.',  tho  long  dianiot«r  of  tJie  cell  or  muscle  becoming 
shorlvr.  luid  tin-  nhort  diftniol#r  longer. 

Olliary  MoTeraenti.— This  subject  has  boi*n  alrojuly  con.sider(«d 
briefly  in  cuunuction  with  somu  of  the  lower  forms  of  lifu  pre- 
sented for  study. 

It  is  to  be  noted  that  there  is  a  gradual  replacement  of  this 
form  of  action  by  that  of  muscle  as  we  ascend  the  animal 
scale :  it  is.  however,  retained  even  in  the  highest  animals  in 
tho  discharge  of  functions  analogous  to  those  it  fulfills  in  the 
iuvortcbratf.s. 

Thus,  in  Vortioolla,  we  saw  that  tho  ciliary  movements  of 
the  jieristonto  causud  currentti  that  carried  iu  all  sorts  of  jiSirti- 
cles,  including  fooil.  In  a  creature  so  high  iu  tho  scale  as  the 
frog  we  find  tht?  alimentary  tnict  ciliated  :  and  in  man  himself 
a  portion  of  the  respiratory  tract  is  provided  with  ciliate«l  cells 
concerned  with  assisting  gaseous  interchange,  a  matter  of  the 
highest  imjmrtancp  to  the  well-heing  of  the  niiiniinal.  A.*i  1k'- 
for«'  indicated,  ciliated  cells  are  found  in  tho  feuialo  genenitivo 
organs,  where  they  play  a  part  already  ex]dain(.>d. 

It  is  a  matter  of  no  little  significance  from  an  evolutiouary 
point  of  view,  that  ciliated  cells  are  mui\'  widely  distribnt«Kl  in 
tho  fa'tus  than  in  the  lulult  human  subject,. 

As  would  be  exiJocted,  the  movements  of  cilia  are  afTecl<»d 
by  a  variety  of  circumstances  and  reagents :  thus,  they  are  quick- 
ened  by  bile,  acids,  alkalies,  alcohol,  elevation  of  tem|ieraturo 
up  to  about  40*  C.,  etc, ;  retarded  by  cold,  carbonic  anhydride, 
ether,  chloroform,  etc. 

In  .wme  ca,tes  tiieir  netion  may  be  an-osted  and  n-estab- 
lishod  by  tivalnient  with  reagents,  or  it  may  recommoncu  with- 
out such  assisUince.  AH  this  seems  Ut  [loint  to  ciliary  aviion  a» 
f&Uiuj;  under  the  laws  governing  tlie  movements  of  protoplasm 
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lo  ^Qcni].  It  U  imi>nrtant  to  honr  in  mind  timt  ciltarf  acUoii 
may  go  '»"  >•>  'li"  C'i^*  "i"  «  ti!*siK-  (HimplcU-iy  isolated  from  tlio 
aniiiittl  to  wliidi  it  Ik-Ioiiilcx.  luid  though  ititlui-nced,  aa  just  ox* 
Iilniiiud,  by  llio  surroundings,  tluil  tlu<  iiiitvmiient  i»  assent ially 
automotif,  tli»t  is,  inil«)M<ndvat  of  any  8pi!ci»l  stimulus,  in  which 
R«p«.*ct  it  differs  a  giK>d  deal  from  voluntary  muM-iv,  which 
usually,  if  not  olwayH,  oontntcts  only  whun  stiuiulutiid. 

The  linos  alon^  which  the  evolution  of  thv  contr«clile  tissues 
has  protffiiuil  from  thu  indvfiiiitL-  outRovring!!  Bud  w-illidraw- 
aia  of  the  sul»itjtuc(>  of  Amsba  up  to  the  highly  specialised 
moTements  of  a  striped  nnisc1e>cell  are  not  all  clearly  Riarhed 
out;  hut  even  the  few  facts  mentioned  ahove  sufHcc  to  show 
^nutation,  intermediate  forms,  A  similar  law  is  involvt^d  in 
the  mu»rular  conlnK^iiity  niiLnifest<^  hy  croils  with  citlier  func* 
tions.  The  automatic  (sclf-uriginutod,  independent  largely  of 
a  stimuluit)  rhythm  suggestivo  of  cilinry  movement,  mure 
monifrst  in  the  earlier  duvelopt'd  smooth  muscle  tliiiii  in  the 
vohintury  stripod  miuclu  of  higljer  vertcbnitua,  indicating 
fiirthur  hy  tho  regularity  with  which  certain  organs  act  in 
which  this  smooth  muscular  tissue  is  predomiiiaul,  a  relation- 
ship Ut  ciliary  movement 
something  in  common  as  to 
origin — in  a  wohI,  an  evo- 
lution. And  if  lhi»  bo 
boruu  in  min<l,  we  bcHuve 
nuray  facts  will  ap{)i>!ir  in 
anew  light, and  U.-  invested 
with  a  breadth  of  meaning 
they  would  not  otherwise 
poaaess. 

The  Irritability  of  Ktuole 
&Bd  Verve.  — All  iiiiiniiil,  il-> 
a  frog,  deprived  of  its 
bmin,  will  r^-mnin  motion- 
lees  t  i  II  i  Is  tissues  have 
died,  unless  the  animal  be 
ill  some  way  stimulated.  I  f 
a  muscle  be  isnlated  from 
the  IkkIv  with  the  nerve  to 
j[hi*"h  it  belongs,  it  will 
rt^main  iiasaivo;  but. 
If  an  eli«lric  current  be  pnsiied  into  it.  if  it  be  pricked,  pinched, 
tOQclifd  wilJi  i»  hut  body  or  with  certain   chemical  reagents. 


wfl 


,      ■  in 
■   the 

1^^ 


Fin.  lOI.^Kialn  (if  Idinvlpr  sni]  linn  of  Fniinaiui 
OlAilvifTt  A-  lulrrx'otial  ni-rv^  uf  Uio  diouiv, 
ImiliTil  H  lili  nVlti-r  fi4lf Bl<'  B-  Nf<fTr-fllM-r  tttiln 
lluf  iR'UiIii.' ii.T*'!'- '  if  11  full  t'r^fWft  raMut  A,  (»*Kli- 
Mf  Rinni..r  :  M.  ■imlullArr  ■nlwuncv  tvnJcml 
IrsiKiinn-i.i  Miri'-nMlnnof  chrnrlnv;  CV.«I» 
Fj'lliultr  |tr>^4.- nil  riff  th*^  llndof  FromAJui,  vlilfli 
nn-  TIT)'  dlitiiu.1  uiT&r  Ibr  noAt,  Tliii  liu«  arv 
IifW  uuTknl  111  n  lUiitauiv  tmn  tbv  nodu. 
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contraction  ciisuet* ;  the  ttatn«  happening  if  the  iterve  be  thus 
li'piated  iiLtt«ad  of  the  niURcle.  The  changes  in  the  inu»cle  and 
the  nerve  will  he  seen  later  to  liave  mucli  iu  comnton ;  the  uitM- 
tie  ahine, however, vvnimris, undergoes  n  visible  L-hnngb of  form. 
Nun-,  the  agent  causing  this  is  a  stimulus,  unci,  iis  we  have 
sovn,  mny  be  mechanicul,  cheiniciil,  thennul,  ek'c-tricfLl,  or  nen*- 

oun.    As  both  nerve  and 

A 

a 
I- 


«_: 


PlO.  Iili  -  Mmle  o(  trrailiuiUon  of  thi-  nioliir  ultvoh 


Ovtv-hfolil  mii-ffU-  r.!  111..  I.I 
nnrv^lulj'' .  1,1-  pj-frnjiiv -■  mI  .r   !  <  . 

niinv-iiibL' :  3,   in<-ilii1lar>    -iji.,,i'i 

*hlCh  ^••'Vft  i'Xl''ll4TlEi^]i^1fii^  l.'l  ■III  I  .1   !■! 

Ii  Jk«A|>iHvir4 ;  t- tfHrniiiuiI  ]']n'«.-Liit  I'  i  m 
ftAr(^>Jrfiiiiirt-Thi[  u  i  I  .uir.  r*r'i'^.'  n  -i  n 
nifiiidn'  n>rrill.i  'iik^okD^rim,      II 

fMi'li'lJUlM  ■■'  ir -r  <]  rritJh.4i.«  lY  Tl]* 


.^Ull   JU 

.1  llllpf. 


I'ririillltff 
lij^r^l.  In 
which  n  n*HrT."Mili.'  i.Tiiiiuiiii-4-   i,  1    ^U'-jifi  r.f  Uin 
iicarru-t uT*r :  "J.  if^a'^'t^*  <►'  'hi'  .^li  ■  .'ii  -un-.-n- 

hriuniA  hroi.iiiiiiif  criEliiu'tLit  >>i'i' 
in««1llllliry    mily*(jifii^r    Hff    IJi"    iii'i  .'    I  iji 
AltniiiUy  nt  iUr  ^lifiif  rhr  ixrinlim^  jilui 


I, 

*H    "j-    t.-f- 


muscle  are  capable  of 
being  functionally  af- 
fected by  n  stiiiinlus, 
they  are  said  to  be  irrita- 
ble ;  and.  xincu  muscle 
df>es  not  contract  with- 
out a  stiinulu!-,  it  is  said 
to  be  non-automutic. 

Now,  since  niuscle  is 
supplied  with  nerves  as 
well  a^  blood  -  vesseU, 
which  end  iu  a  peculiar 
way  beneath  the  muscle- 
covering  (sarcolemnia) 
in  the  very  snbstance  of 
the  protoplasm  {end- 
jiltttes),  it  might  he  that 
when  niusi^P  seenieil  to 
bo  stimulated,  a»  above 


■nliuil  lilaWil,  n,  n".IH.>ril..|.lni.:  7.  7.  (nmulor     llldlCBte<l,  tho  rfiSpOIlSlVe 

■ULi*t4ii»:i'  "flli'li  fi.rrii-*  Ih*  liElnil'llial  oh'mr-liL  "f  llip  ,  '  "^ 


rfpnj<]ii'         I 


-viii'h  i.  .MiiiiBiifPui  with  uiD  contraction    was    reallv 

'iii'lij|Ei:iitEr«  uf  tiK-  Kmrnieznnu  .       .  ' 

I  iiip  noniiiu ;  u,  u,  oiu-'Ipi  oT  ihg   {tue  to  the  esciteu  uer^'0 


terminal^;  and  thus  has 
arisen  the  question,  Is  muscle  of  itself  really  irrituble  ? 

What  has  been  said  as  to  the  origin  of  muscular  tisane 


4 


I 

I 
I 


« 


9W.  lOL— loU^UlUur  t>iiiiliiul>.>ii><>l  111-'  iiwitxr  ii-'n.-  lit  islmiii.l  luuoi'In.  «Utl)M  WtUl  Jtolll 

points  verj' strongly  to  an  atTinniitivi     uiswer,  though  it  docs 
not  follow  that  a  property  once  puiaau^scd  iu  the  lowcf  forms  of 
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.0  may  not  Itc  lost  in  the  hight-r;  heiuM  tin  resort  to  ex- 
inu'uts  wliicli  have  long  been  thoiiKlit  to  setUotiie  nmtter: 
I.  TUe  purare  ex]ieriniPiit  may  lie  thus  performed:  Lift  up 
tbo  sciatic  nen'e  of  a  fro^.  and  ligiitiire  the  whole  limb  (ex- 
clatiive  of  tbe  nerve)  so  that  no  blood  nmy  reacli  tbo  nniifdos; 
then  inject  curare,  wbich  jmntlyzi'S  iiervt-s  but  not  ffiU3cK-«, 
iuto  the  general  circulation  tlirout^h  the  pob'tcriur  lymph-ttao. 
On  stimulating  the  scintiu  UHrvo  tin'  mu»clu»  of  the  log  boaeatli 
thu  ligature  coiitmct.  wbilu  no  contraction  of  the  miiscleo  of 
the  ('iipoeitu  leg  follows  from  Htimulatioa  of  its  eciatic  nerve. 
la  the  latter  case  thu  curare  has  reached  the  nerve  terniinaU 
tliTough  the  blood;  in  the  former,  tlieso  were  left  uninlliifiiced 
by  the  poison.  If,  now,  the  niu»i.-lti  itself  be  directly  ntiniulatvd 
in  tbe  latter  case,  contmclion  follows,  from  which  it  is  cou- 
ctuded  that  curare  has  destroyed  the  functional  cjipiicity  of  the 
nervo  {Urniinah),  but  not  of  thw  nmsc'le. 

'i.  Stimulation  of  those  parts  of  muscles  in  which  no  nervoua 
tvnninuLions  liavo  boon  found,  as  tlio  lower  part  of  the  sarturius 
muisclc  iu  tbu  frog,  is  followed  by  contraction. 

3.  Certain  substances  (as  ammonia),  when  applied  directly 
to  the  muscle,  cause  contraction,  but  are  not  capable  of  pri>- 
ducing  this  effect  when  applied  to  the  nerve. 

Prom  these  and  various  other  fivcts  it  may  lie  concludod  that 
mtiscli:  ito^eesses  iudcpc-udeut  irritability. 


APPUCATtONS  OF  TFTE  GRAPHIC  METHOD  TO  THE  STD1>Y 
OF  MUSCLE  PHYSIOLOGY. 

It  is  impossible  to  study  the  physiology  of  muscle  to  the 
licst  advantage  without  theemplojTiient  of  the  graphic  method; 
uwl,  on  the  other  hand,  no  tissue  is  so  well  ada])ted  for  investi- 
^tton  by  tlitr  isolated  met  bod^i  e.,  apart  from  the  animal  to 
which  it  lictunlly  belongs — :is  innscle;  hence  the  convenience  of 
introducing  at  an  i-arly  period  our  study  of  the  phy.-<iology  of 
contractile  tissue  and  illustrations  of  the  graphic  tiiothtxl.  the 

loral  principK's  of  which  havv  already  been  considertid. 

The  lieitcriptions  in  the  text  will  bo  brii?f,  and  tbe  student  Is 
recommended  to  examine  the  figures  and  accDm|>anying  vx- 
yhninticnn  with  s-nm-rare. 

Chronographs,  EeToIving  CyUodert,  etc. — Fig.  ICi  repre»ents  oqp 
«i  tho  e«rlie«t  forms  of  apparatus  for  the  measui-ement  of  brief 
iot«n'al9  of  time,  consisting  of  »  simple  mechanism  for  pro- 
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ducing  the  movement  of  a  cylindor,  which  may  ho  coverod  with 
nnokeii  paper,  or  otherwise  prepaii-J  to  ruci-ivo  iiupn«8ione 

made  upon  it  by  a  point  and  oapa- 
bleof  being  raised  orlowercd^and 
itfl  movements  reRulated.     Tlie 

«_ . — 1  cylinder  i«  niled  veriiailly  into 
— ^ 'U         — ,  a  certain  nunilier  of  apa<'e8,  eo 
W  that,  if  H»  rale  of  re\'olution  is 
__ ■■  known  and  is  i-oiistiint  (very  ira- 

pui'tunt),  tho  U'ngtli  of  ihnv  of 
any  event  recorded  on  the  sen- 
sitive surface  may  Iw  accurately 
known.  This  whole  apparatiui 
may  be  considered  a  chrono- 
graph in  a  rough  form. 

But  11  Inning-fork  is  tlio  moat 
rL'hiibli'  form  of  fhrouograph, 
providoil  it  can  be  kept  )n  con- 
stant action  su  U^ng  as  r«quired; 
imd  is  provith-d  with  a  recording 
apparatus  tiiat  due»  not  cause 
enough  friction  to  interfere  with 
its  Wbrations. 

Fig.  ice  illustrates  one  ar- 
rangement that  uiiswers  these 
conditions  fairly  well. 

The  ninikiT.  or  chronograph, 
in  (he  mure  liinite<l  sense,  is 
kept  iu  automatic  action  by  thu  fork  iuternipling  the  current 
from  a  batteiy  at  a  certain  definite  rate  unswei-ing  to  its  own 
proper  note. 


Feu.  lAi  — I'lrltflnAl  rhr<innini-trT.  df^lnml  Ti)r 
Tliomiu  Vdine.  fcr  rowwirlnK  inimit'.' 
poniiiiui  or  Tlmp  (after    MrKmilrloKl 

6.  nniifhl  aiHliiK  an  iniitlvn  |..«rr  :  t:  if, 
itiriall  hiLlbi  for  rf^ilii-fJii^c  (Jir-  vvh¥:'ily 
of  thr  <-rllnp|i-r  :  #■,  nmrk'-t  n-omllng  ■ 


a. 

ft. 

6. 

A.                                          - 
_ - .  .  . . 

Kia.  IU,— M]f<igriiiilili-  rmdoR,  Miob  na  la  obtnlnpd  w1u-b  ibt  oytlriitnF  "ii  whicli  It  U  wdtlsD 
donniri  rFTnl*«durliuilhF«iDmciluiio[  Uu-  muicl''  itltrc  MoK-iulritKi 

Man-y's  clironogrwph,  which  is  represented  at  h  above,  and 
in  more  detail  below,  in  Fig.  107,  consists  of  two  clcctro-magnpt« 
armed  with  keepers,  between  which  is  the  writer,  which  has  a 
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little  mass  of  steel  attnoht'il  to  it.  Ili«  witolo  working  in  tmixon 
with  the  tuning-fork,  su  ibiit  un  inlvrruption  of  the  current 


fW.  Ml— Xarry'a  ch^r•n^vrnt'^  w  Miplkid  lo  N^nltlDE  crnodFr  Mtler  McKnulrlck).  d.  nl- 
taWb  nicnien' :  A, ''  '  '  'il  brnriiu;  iiinliiKTirii  'iwi  ImmlntO  tlhrUluM  pi>raCH»inlli: 
f.  tWoonnMur*  '  •  ^f  (uuiiiK  f'Tk  ;  •!.'.  i»ilii«iii>  ren  iimliui-forkniitiHinbun' 

tn«»aiWa  vll"'  -.mil;  /.  Imiiimfurli  Ijlnn  1.-— ...  -liich  ma;  b<>  apiilMii]  ^o 

d;  a.  or«i>™iB  cf-iiii.i-T  -.  ,.,  ..t™-itli.  r)ip(iii..irniph  k'.|il  lii  vllirnii'.ii  iirnrlironoua vrlUi  lb* 
nuiuiB^orfc  iBtnniiCrr.  Tim  •.-iinvoi  nnrkloK  lot  <li.p[nvniiii:»'-i  rroni  >i  Is  Inlrrnijnnl  wt 
1    PtovCMilt**  rexuloln'  I*  kku  oroT  thu  •ilovkworl:  of  Uiu  o'lliitlrr.  a  Ultln  la  the  rl|thc 


impUm  a  like  chanjD^  of  position  of  tho  writing-style,  which  is 
alvTRj's  kept  iu  contact  with  the  rfcording  surfiico. 


n*.  Mr.-EM*  vln>  of  Hwn7*it  pliri>ii'>irr>|>1i  (irirr  McR'D'Irtoki.  a.  a,  oUli  nt  wire  i  b.  A. 
■•^■n  of  el^Mra-nwKDFU  1  c.  vlliralliic  Mvlr  IlKwt  In  Ihr.  tilivl  p1al4f  f :  d.  UadliiK  Hroi 
ft*  alUCtiDKnt  orvlTM:  t  ri«ilau.rTupilii(tunlne.ri>rk  :  -  lo  ihi- LiLWr)'. 

Pig.  177  shows  the  nrraagements  for  recordiug  a  single 
tniude  contraction,  and  Fii;.  178  the  character  of  the  tracing 
utitatned. 

A  mnscl^nerve  preparation,  which  utiuany  ronsiRts  of  the 
ix'nrmiuB  of  the  frog  witli   the  sciatic  n«rve  attached. 
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eloinpod  by  a  x»ortion  of  Ihit  fomni-  oiil  off  witli  lliu  niUKcle,  is 
uuulo,  oil  stiiiiulatioii,  to  raise  ii  wuightwl  lover  wliich  to  at- 
^  tiiched  to  a  point  writing  oii  a 

cylinder  movtHi  by  some  sort  of 
clock-work,  lu  tliis  i-ase  the 
rylintler  in  kept  stationai-j-  ilur- 
iiig  tho  Kontrac-tion  of  tlie  imis- 
cle;  hence  the  records  appear 
us  straiglit  vertical  liiK*. 
For  n^eonliiig  iiiovomviit^  of 
MrUouor  (THxirxf  ftiiir  tiif  aiiai'iiiiu-ni  irrptit  rahlditv.  SO  tliat  tho  iii- 

Ed  a  rlH  uitrr  Knwiillinli  i      ■  i  i 

tiTvals  botwui-n  lluin  may  lie 
apparent,  such  an  apparatus  as  ia  figur«l  below  (Fig.  IC9)  an- 
snroni  well,  tho  vibrations  of  a  tuning-fork  being  written  on  a 


.j> 


FlO.  IM.— UUKlv-Iwrw  Dnptuvlliui,  ■liunlns 
Knnroowiiilu*  niiiwl".  U'liUlt-  uurti-.  niiJ 


FBI.  I6B.— Spring  mj-ijiiiiiilb  nr  h.i  11..1.  ({vynionrl  (■fWr  Rts-'ntlul).    Thp  sminirBinnilii  for 
TCgl*UtriiiK  varkiun  iIvIaUb  iu\' niinllw  tu  Itiiw-  rur  pumluluni  iiiyojtTii|ib  (Fin,  177). 

blackenod  glacis  plat«,  stliot  before  a  chronograph  by  releasing 
)V  spring. 

Several  records  may  be  made  succe-ssively  by  more  contpli* 
<.'atod  arnuigeimiuts,  as  will  l>e  explained  by  another  figure 
l«t4-'r, 

The  Apparatus  used  por  the  Stimulation  op  Muscle. 

It  is  not  only  important  tlmt  thorn  nhnnld  be  arciiratp  and 
delicate  muthods  of  recording  inuxcular  contriiction»,  but  that 
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theru  bo  viiuuny  exact  niothiKk  of  applyiug.  rcgulatiag.  and 
maasuring  the  stimulus  that  imluL-t-ij  the  cuntriictiuii. 

Fijt.  1?0  givra  a  representation  of  the  intluctorium  of  Du 
Boii*-K4>ymon(t.  hy  which  either  a  single  brief  stimultttiuu  or  a 


Fto.  ]11K*-Dn  fMfr-HPymonrl'a  ti)itiiiTr<rliiiii  tmft^r  Hn^-'iiihai)     i'.  wi^tiulnry  coil;  r,  iirimiux 

^m  ««*l  ;  (l,ri«!Wl»lll*(lwt:  ft,  unii.i'ilif    ^r  "i:! r       r    .irmll  iii..ialilii  i.ti-k.     TIii>  i-lirmil 

^B  frmii  hMWTf.  BtntbUitc  ii)f-[n1 1  ii'  .1    1 r,  An^l  li>  r,L-'r<'Wp''« <■>['>  [>iiniii(y 

^^L  ^iD.  rliiiH  i^ilweimo  curn'ui  jlj         'M'I  i<  '  <<jiLLri-Lt4iii  lif^tnn^i$  prJrittkry  rui}  luirl 

r     "'' "■"" "" 

■    Ber 

"    ma 


iKsur  Knrml  bmulnil  Uuu-nlna  w<'oriil     Ttu-  iii»ivr  mni  lir  vliArvr  m liMcrum.  VIr 

III.   By  ilMtoK  ttcmStrt  call  uli  biuI  do wd,  wiviiiEtli  ot  Ituluivd  cunvdl  uMi  lie  crailuaiAL 


series  of  such  repeated  with  f^pat  regularity  and  frequency 
may  be  effected.    The  apparatus  consists  essentially  of  a  pri* 


Plo.  in,— lnii«i»mm»Ocn'nn"nWtfnnti(t]io  working  i>f  Fljt.  ITO(a(l»r  Ri>«'ii(h«li 
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ntftry  coil,  aecoiKlnry  roil,  iiin^n»lic  inwn-uijter,  ami  n  scale  to 
deteriuiao  the  rulativc  mivngtli  of  the  current  oiiijjioyetl.  The 
instruimmt  is  }tiit  int'i  action  by  oue  or  iimrti  nf  tlm  VHrious 
vv'ull-knowa  galvanic  cells,  of  which  UanitjU's  am  suitable  fur 
most  experimonta. 


Fro.  Ift— Pflliror  ■<  itiyoemi'li     Tlii<  niuwli'  nio^-  N-  Him)  Io  tbv  vlw  C  In  llic  — *"  -Jf — fcf 

IbvTtav  fmi iiiijr  xviili  [)>•'  Irvnr  K  F.  Lliv  jKilut  iif  whli-'li  louohn  tlir  |iluaa(  anuibM 

lEliaf?  'T^^i'  I'  <''r  t«  Tki-lil  III  •4|ui|ti4tp*^  h?-  /r  WU"ii  4riirt>u  nt^  [ilm^'il  In  arat^'fiaQ  It 
Ebvl^vifr  'MT^     III.'  iii-tEiw  nr  <'art-n«l»in  r'Ti.<^l'<1  lalf'T  Itipviilfinli 

Pu.  m.~T>'i'>iiiiiii:,'  to'V  i-if  |iii  U'>i>  IVv  rill  mil  latter  K^wniliiil^  Wlnv  may  >>p  alljiclmlac  b 
an'l  r  V^'liitij  .t  ihil'iHTi  rtif  ciim-nr  lii  "«h4»i'r-4>En:iili''b1."  L  r.,  <lorc  uol  |riLw  Itiriuirli  titp 
wi*>^,  bur  i[liT»'t  Tr*iiii  r  ihniiikfli  1/  u-  h.  or  il"'  tcviti^.  fttnci'  ft,  ^,  J  nrvcpf  infinl,  ilwI-  au 
nociiunl  i>f  ibrtrirn*<ir4>r  rrr«,«i*.i-1lL»ii.  rnmlm'l  »(>  iiiin'li  ihmiv  nvilily  Umn  ilm  win**,  o  I* 
■D  [uauInlinE  plitic  ol  eboullu.    Thic  lorni  of  kvy  M  ■itaplnl  lor  «tMi-linH-nl  to  ■  Uilik.  Ptc 

Tht'  fu.'ce»i  to.  or  fxcliision  of  tla-  oum-iit  from,  tlio  imiiic- 
torilim  is  effected  by  some  of  thi'  forms  of  keys.  11  »<[K^cim<.'ii  of 
which  is  illustrated  in  Fir.  173. 

The  moist  cbaniber,  or  Aomo  other  means  of  provpnting  the 
drying  of  the  pn^pa ration,  which  wuuld  soon  result  in  impaired 
action,  followeil  by  dmtli.  is  essential.  A  moist  chambor  con- 
sistticssimtiully  of  ibii  iiiclo«(*d  cavity,  in  whiirh  'i»  |)laco<l  ttunie 
vet  hlottIn>;-piipcr.  etc,  and  'ih  usually  inwlc  with  g\oMH  sides. 
The  air  in  such  s  ehnmbor  niu.-!tt  rotimin  satunited  with  moist- 
uro. 
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A  gfKxl  kiinwlixlgo  of  till.'  i-nlijttrt  tjf  I'lyctricity  i«  i-spiviully 
vatuable  to  tho  slmlviit  of  ithy!<iuli>j<j'.  But  iUltv  nrv  n  few  v\v- 
mentary  facts  it  in  ab!«olut44y  rivci^ssiiry  ti>  lK>iir  in  miml :  I.  Aii 
induced  ciirnmt  exUU  unly  »t  thi<  tuomuiil  of  luuking  ur  broak- 
ing  *  primary  (hnttury)  curronl.  S.  At  iIil'  mumuiit  uf  makiug, 
the  in(iuomI  currunt  la  in  thu  opptutito  tliroctiou  to  that  of  tbf 
primury  cum*nl.  and  tlie  rfverso  at  breakiiiK-  -i.  The  strength 
of  ibt'  induciMl  current  variat  with  the  stn^iiglh  of  tlie  primary 
ciirrcnt,  l.  The  more  i-emovifi  tfu-  siTiimlary  coil  from  th« 
primary  the  w(vikep  the  fiirrt-iit  (iii(lucL<d)  bucumuH. 

The  ctork-wtjrk  mKcbtuiixm  and  its  a»iociatotl  ports,  aa  seen 
in  Fig,  174,  on  the  right,  i»  usually  termed  n  niyofcrapb. 


ITl— Amuu^nivDt  uf  A|i|i(kntTin  fi>r  h-ATj-mL.-. r   ntn-,  nine-  nii^.h'iiiH'i,^  [•\  mmhoiin 

FWlrr  McKvwIni'k)     a.  jduiwUt  <4(ii><>iii ; 'i,  i>ririii.M   ■  <ii         -<    ..i^.n:,     .  ,i  >.'    .  .in.'r.' 

fcflilm:  A  MrtroDMiK  tat  Intfmipuue  primary  .'ir.  on  .i  i i-.i.,.  ',..i,     m       .i  ■ 

ulrvtnidcaft  ;  k,  fu^cc^for  fcuiur;  uif  iiiuitch-,  hSil'Ii  t-.  m^i  hrr^-  "  j'h-'i  uh  ii  ]"<  ilM:li  rjni 
ft*  uIb  nutftkut  Unilimir  o.  by  iitiicb  uibn-iunul  In  LruuiiiltliKl  ru  rvi'unllai)  umlMiir  r. 
"  t  on  i^lliulfT /; 


IiMtead  of  muscuhu*  or  other  movomtntK  being  commuoi- 
r«t«id  din-ctly  to  levers,  thv  contnut  may  bo  through  columns 


.  m-Ti>MbMlr>f(  Hni.'i  utirr  M-'K'-rKindt).  a,iaitUMe  ftte ;  b. lUtn Inilta-nlbbtr Dwu 
a*:f.ltila(IUk.irnIiiriimliiii>>iiii|j<jritDicle«crd.««nutUpiinliHiorwhl(>b<iii|)'U>>v|ifv- 
tol ;  (.Kivw  (iir  |iU<-iiiK  •iiii|-u-i  .i(  k-vrr  varllcftlly  tivvtt:  /,  diMaUIc  Mtw  oommiuil- 
iBti  wlUi  wllf  ol  i«nibaur  tor  atlAFhinrat  lo  ■■■  tiulu-niblw  lutMi 

IS 
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ufHir.  which,  it  vriH  1m  Apparent,  moflt  lie  cnjmblo  of  {-oiiimiini- 
mtiii^  vin'y  slight  cimii^is  if  tho  apparatit.i  re-sjHmils  ninilily  Ut 
Ihi'  iiiu-mtimin  in  volume  nf  tht>  iiiclntifKl  air. 

Kir.  175  rvprusciilji  n  Maroy's  Irtmlxiur.  which  conitists  ittseri- 
tinlly  (if  a  ripd  mutivllic  vn»o  pruviilcil  with  hii  L'lustir  lop,  to 
wliioh  ji  Ipver  is  iit1fu-hL>(l.  thu  whoU-  bL-iii^  hroiiKhl  into  roni- 
niuiiioution  with  n  fuluiuii  vi  iitr  in  iiii  vlustJu  tubu.  Thu  vrork- 
inK  "f  ""ch  a  inwchaiiitiin  will  ho  evident  from  Figs.  174  nnd  KH. 


fiB.  in  -Tai"> "'   Mnri'  Amuitfpil  tor  IrMumilMl-in  of  innivniflii  (sflcr  McKpudrlPk). 

ri.  rMwIvlliii  iiHiiipp^ir .  b,  liiillinTiulipr  tulic ;  c.  r*itl'''''rt"E  '■uihoiir;  rf,  itplnil  of  vit>\ 
amUiti  bivlMlli'nx  ••[i>)iU'l>.  >>Ii''i>  mii«Ioii  tirviDovi-i]  rnim  ".  tb>-  l>-vvr  owvii'U. 

Thi"  nrw»ti'Mt  ilniiKfir  in  the  ubp  of  such  apparatus  is  not  frio- 
(itilt  hill  iHwilliitluii.  w)  that  it  is  possible  that  tho  original  ninvf- 
iiii>iil  limy  not  Im>  osprt^sci  alone  or  sinijily  exagKcrnU-d.  but 
«Ui>  i<i (III pill' Jiluil  hy  luUIitions,  for  which  Iho  apparntus  itsnlf  is 
ll«pi<nniblt>. 

ApjiMnilupi  of  this  kiiul  is  not  usually  oinploytid  much  for 
(it)HM'iliii'iil'i  with  iniiBcU':  such  an  nrrftiiKi'"i»'nt  is,  however, 
altttWli  III  Kill.  \7i.  ill  wliirli  all  will  lie  swti— a  metronome,  the 
UMttltihiiii  iif  «'hh-li,  by  dipping  into  cu]is  L-ontaining  mercury, 
|ltH)i4<«  'hi'  rlri'iifl.  SiH'h  or  a  simple  clock  may  be  utilizeil  for 
(mUi'lltlliH  Ibi'  liitiMiT  inlervaU  of  time,  as  seconds. 


A  HiNiiLK  HiMri.i;  Muscular  Contraction. 

|l|«l iMVUltt  F»i.>ti.     The  phases  inasiuKlf  twitch  or  niiiiicn> 
i>M(tiHvlli>ii  •ii>*.v   !■•'  Hliidied   by  moans  of  thv   jtendiilum 
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tTO 


7~,_Zi{ 


riu 


A.  A*lnir4  vlLli  a  r*''i'l^'jlui"-  f'  Drfvtri*  nn  nitrrlrfiriir  Yh  ■^imiiriii.-v'l  rhr  itf-iLiliiliini  M 
rUv^l  u(i  tr>ilirrWLt  AJiil  Vrpl  l^k  ii^tJIJMit  liy  rtu^  I'k-Ui,  'J,  t^JLtrliliii;  on  ih'<  »(krliii:-(vLlolk,  A. 
<k.     1   . "  -  I'lr   ,.^r    y,    p.    Hfi,.  i,]n>^  nUi#.  rif^tritf  p«?I  Irvo  •"■'liiiC^  (Mjp  th"  U'-c  inHTliui  tiiLli 

I  '.*■»'!  I  inf  <r>^H'HD»JH!l  wUh  tlip  ijmJ"'fU  11**  <;'**!  r>-nr  r,  l("i"'kii 
..  i.  .-...  -,-^-  .  .u.--  L,.,  ^-_,iiLiu  iibliUitlixJ  by  Uw  OulCAd  Uoo,  r  -  Tin.'  ntl,  t;  \mu  ck?cihc 
ca—Jnui'j  vltli  llifi  wlrru  f>  ntf  tlir  t^(ruU7  lufl  of  an  |iiilu(.'tl<m  iiiarlklnc     Ju  [Ekv  TAanorr 
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Ujc  KffW.  ri.  w  Lncli^1rk'iN«iilliiiill3' wkDi<litwIrr.  p,  orilir  mim-  primary  r<»ll  Tht- iv^rvw, 
«r,  mill  T^i'  KxT  c.  bri'  tir<rtiiliHl  wilfi  i^Iht  ifniiii  ihnnl^  nnil  Txpl'a  nn-  LnMiiinK'bt  f>y  m<viii*k>r 
Uir  Hh'Hmil'-  l>]r'*-k,  r.  11ii-  cEivijiI  ctf  1))'^  iij'ii»Ary  <^  til  i.»  wlitrri  ^  A»f1  ft  l^ir-na  'ictttwl  u 
lon»r  n*''  ^LTtil  r'  i«n-  in  rndlfK'I  Whi^h  »i  lUmrlbtf  the  Uxi(ij,ii'.kiK-.'kii  ■'  awhv  fri.>rii  '/<  tlni 
drctiit  1>  iiiirrtf^iLoF'^tv  hntkini,  am]  a  "  iitvaUkng  tiitotik  IbkpI  thri:tii|fli  tliir  dltv.iri'MlL'*  («>»' 
iiwt#d  AitFi  ifir  wi.4hh<Trirt  i><ilff(  lilt  iimcMiH\aTMluUinHii:bThi'  ii<-rvi-  Tli-'  twiT, /.  Um< 
Nidtiiilyof  'lii'.'Ji  In  nLiL-»i]  lu  (hv  lU^iv.  u.  bruukbt  to  llI•a^  ua  Uiouliwa  |ilBir.aiiil«rlii-iiki 
raM4l«Hiribii>  lui  ATI'  I  if  u  •-livlf  oria>)[r  raJluB.  Thi!  limlnH-fork, /■•uids  iinljr  Hwni.  wrrn 
to  mark  Uif  Ilii^r  (an^^r  y<iiii-r> 

myograph  (Fig.  1??).  It  coiisUts  of  a  heavy  pendulum,  whirh 
Hwin^s  from  a  piMiliun  on  the  ri^ht  to  a  coiTexponrling  one  on 
the  left,  where  it  is  secured  hy  Ji  catt-h.  During  the  swiiiff  of 
the  pt^nilulum,  which  carries  a  smoked  pltiss  plate  (by  means 
ti(  iirmiigenieiita  more  minutely  descnlieil  I>elow  the  ti^ur(').a 
tuniii^-foi-k  write!«  itn  vibrations  on  thu  pliiU;.  on  which  ix 
iniicri>)Cil  the  mnrkint;  indii-ntiug  tho  vxnct  momunt  of  the 
breaking  of  an  elcK'trio  curronl,  which  givi^  risu  to  a  muscki 
contraction  thtit  i*  iiIki}  rect>rdcd  on  the  plate. 

The  tracing  on  analysis  presents:  I.  The  record  of  a  tuniniy- 
fork  making  one  huudrpd  and  eighty  ribratinns  in  a  second. 
i.  The  parallel  marking  of  the  lever  attached  to  the  muscte 
before  it  began  to  rise.  3.  A  curve,  at  first  rising  slowly,  and 
then  rapidly  to  a  maximum.  4.  A  curve  of  descent  similar  in 
character,  hut  somewhat  mure  lengthened. 

We  may  interpret  this  record  somewhat  thus:  1.  A  ri.**  nf 
the  lever  answering  to  thu  shortoiiiug  of  the  muscle  to  which  it 


a  h 


Flo.  ITl— Kuwtu-cuTv*  obUlKMl  by  Iha  pendulum  nircirniiih  (l^>■tor).  Dnad  fmn<  l»n  to 
rl^ht,  Thf<  lihU'iit  fiHrloil  Ia  liirlltNtt.^l  \yy  Ihr  »tmt^  iH-lwrvd  n  anil  b.  Uin  Irnyth  wt  vhlcii  i* 
mnamirril  tij- rW  wni>->  <.(  o  iiihiiie  (orii,  nukluvnc  hunitml  ami  Hiirliljr  <lMiblF  rthntliaui 
Id  k  «FOflri'1 ;  luiil  in  Uiii.-  iiiiuiucr  Uic  OiualliNi  «I  Uw  oUia  phua  «  Uw  aoamcUoD  may 
ba  ecUiuiUftl. 


IB  attached  following  upon  the  momentary  induction  shock,  as 
the  entranre  of  tlie  cnrreiil  into  the  nerve,  the  stimnlatiun  of 
which  causei)  the  contra^^tion.iiiay  hecalleil.  2.  A  period  befoio 
the  contraction  begins,  which,  as  shown  hy  tho  time  marking. 

occupies  in  this  cjise  t— -,  or  about  ^  of  a  second.   In  the  tnicing 

the  upward  curvo  indicates  that  tho  contraction  in  at  first  rcla- 
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tively  Blow,  then  move  rapid,  and  OKHin  slower,  till  a  trief  Bla- 
tionar>'  ppriod  is  rwvchpil,  when  tlif  must-k-  Brailually  but  rap- 
idly returns  to  its  previous  condition,  paaiiin^  tlirouf^h  tbe»une 
phaspR  a.s  diiriiiR  contraction  proper.  In  other  wonlK,  there  is 
a  perioi]  of  rising  and  of  falling  enerp^,  or  of  contraction,  mid 
ml»x»tion.  4.  A  pi^rioil  dnrinff  which  invisible  cban^'it,  aa 
will  bu  I'Xpluincd  liiti-r,  are  going  on,  answering  to  tlu>sv<  in  the 
iiurvb  llint  cuuso  tho  mulccular  (xnnmotion  in  musck-  which 
prwt-dcs  the  visible  contructiou  —  the  latent  poriud,  or  the 
{Htriod  of  lulenl  stimiilutiuii. 

The  facts  may  be  briefly  8late<l  aa  follows :  Tlie  stimulation 
of  a  muscle  either  directly  or  through  its  nerv«  (.-ausofi  contrac- 
tion. followe«l  by  relaxation,  both  of  which  are  preceded  by  a 
I»t«nl  period,  during  which  no  vifiiblo  but  highly  important 
molecuiiir  chauges  are  taking  places  The  whole  chain  of  eventi^ 
iy  of  tbt'  briefent  duration,  and  is  termed  a  muscle  contraction. 
Tho  tracing  shows  that  ths  lat^^nt  period  occupied  rather  more 
than  rK  «i'«t>iid,  the  iK'riod  of  contraction  proper  about  iJj, 
and  of  rt^lnxation  t^v  »**^'ond,  so  that  the  whole  is  usually  begun 
and  endc<i  within  iS  si'cond:  yet,  as  will  be  learned  later, 
niuny  chemical  and  electrical  phcnomvua,  tlii>  concomitants  of 
vital  change,  are  to  be  obeerved. 

In  the  case  just  considered  it  waa  assumed  that  the  muscle 
was  stimulates!  through  its  nerve.  Precisely  the  same  results 
Would  have  followed  had  the  muscle  been  caused  to  contract 
by  the  momentary  application  of  a  chemical,  thermal,  or  me- 
rhanicnl  stimulus. 

If  the  length  of  nerve  bi-tween  the  point  of  stiniubition  and 
the  musclu  wa.<)  conaiderablv,  somo  (lifferonee  would  beobsorvtxl 


{fatrri  Tmdujt  Uki-u  liy  [i-n'liiJiJin  iii]roEr«iti  (Mr.  IT!).  Th"  iwr^-  if  •nnu.-  muiwlo 
amr  tifT^raUita  U  Biliniiliiti.it  in  •mi-  ibh  u  ru  u  poalbJ?  tnna  muaclr.  In  llm  olbrr  u 
DOT  ti>  ■  ■*  pnarfhk.  tJiU-ni  |HTk>'1  Ih  ijA,  oA'.  rtapactlvdy,  tKftenon- br m  con  ob  Ami 
ntf  lodkatta.  oT  ixmnr.  IruiiOi  ••!  liiiii'  (■■uuplad  bj  iwrvoiu  Intpulae  In  IntvtllUK  alone 

ID  the  latent  periotl  if  in  a  second  caso  the  norvo  were  stimu- 
Ut«d,  say,  cloeo  to  tho  muscle.    This  is  represented  in  Fig.  179, 


isa 
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in  which  it  is  spcu  Uiat  the  ]aU>iit  poritxl  in  ihv  Inttor  cntee  \9 
i(hort«nn<l  by  ihv  t)i»tanci>  fruin  b'  Id  li,  which  iiiiirtt  l>i-  owing 
to  the  tinip  rt-'quirpd  for  thosi-  molwiiliir  L')inng<.-H  which,  occiir- 
nng  in  »  nerve,  givo  rise  Ui  u  coutructiuii  in  ihu  uiukcIi-  tu  wliich 
it  hiilongp ;  in  fact,  w©  have  in  this  method  a  nionas  of  cstiniAt- 
ing  the  ratfl  at  whioh  these  changes  puss  alung  the  nurvi.* — in 
other  words,  we  have  a  meaiiB  of  mt^asuring  the  speEvd  of  the 
propagation  of  a  iier\'oiis  impulse.  The  estimateil  rate  is  for  the 
frog  t  went  y-eight  metres  per  second,  and  for  man  about  thirty- 
threo  uieli'es.  As  tlie  latter  has  l»een  pstiniateil  for  tlie  nerve, 
with  its  mt)8clo  in  position  in  the  living  body,  it  must  1>b  re- 
garded rather  as  a  close  approximation  than  as  exact  as  the 
other  nieasuriJinonts  referred  to  in  this  ehapter. 

It  will  be  borne  in  mind  that  tlie  numbers  given  as  repre- 
senting the  relative  duration  of  the  events  vary  with  the  ani- 
mal, the  kind  of  muuclu,  »nd  a  variety  of  conditions  affecting 
the  same  animal. 

Tetanic  Coktbaction. 

It  is  well  known  thai  a  weight  may  ho  held  by  the  out- 
i.jtti'eti'htil   arm  with  ap|Hirc-ntly  perfwt  steadiness  for  a  few 

jnds.  but  that  pi-cKcntly  the  arm  begins  to  tremble  or  vi- 
!>rate,  and  soon  the  weight  must  be  dropjied.  The  ai-m  was 
maintained  iu  its  [Mtsitiou  by  the  joint  oontrnction  of  sevonil 
muscles,  the  action  of  which  might  be  described  (tract-d)  by  a 
writer  attached  to  the  han<l  ami  recording  ^n  a  moving  sur- 
face. Such  a  i-ecord  would  indicate  roughly  what  had  hap- 
pened ;  but  the  exact  naturt^  of  u  muscular  contraction  in  such 
a  case  can  Ijest  be  lenrned  by  laying  bare  a  single  muscle,  say 
in  the  tbigii  of  a  frog,  and  nrrangiug  the  exijeriment  so  that  a 
graphic  reconi  sliall  be  made. 

Using  the  apparatus  previously  describal  (Fig.  177),  a  second 
induction  shock  may  be  sent  into  the  muscle  before  the  effect 


^n.  tM.— Trmcliiraf  adoiilil"  imid'ulnr  r']iitni''il'iii  mi«t>>ri.  AMeowl  liului'LlnD  lihork  irsf 
•Mitlnki  niUaitM  kIumi  II  Iiik\  •■•  r.ir  .siinii|i-U''J  Iu  tvntnicllnii  mU  iiiilk'nir-I  by  tK-itlnnlnj{ 
■iTnvuul  rVe.    IWOod  llui-lii<lk-HTivi>niii  tJi-icurvswaulaiunlKvabut  (uriLU. 
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of  the  first  has  psssn]  away.  Hit'  rcKiilt  ilopoiKtinK  on  thf  pltaso 
of  tbp  roll triH't ion.  iluring  wbioli  Ihi*  stintulus  at'lft  on  tho  mus- 
cle. Thiis.  if  a  si-cund  shock  Iji.-  uii]iliu(l  during  ttiv  Intoat  pe- 
riod, un  visible  change  in  the  ualure  uf  Ihi-  niusclt-curve  can  he 
9een ;  but  if  duriuR  oue  of  the  other  phases  of  contraction,  a  re» 
suit  like  that  tigiireil  below  (Fid.  IKO)  folloWR,  If  a  spries  of 
siicii  shf.toks  be  wnt  into  tbf  muscle  iieforo  its  cnn traction  p(^ 
riod  is  over,  a  suvce^ion  of  curvet*  mny  be  sup«>rj)o«ed  on  one 


fHi  HI, — Cmnvat  ImtertfiH  ti-UuUo  ivntrBi-UKii  (Kiob^r.'  Umionniin  iraaliiKtDdliNlaooa' 
•raeModtoT  iniBch- ;  iDlvrraRllBtr.  whro  rbr  R&ooki  Htpp  kIvcd  ;  lowvr.  Um^nuuinnK*  <tt 
IMarrnln  cf  one  nxoua.  Cum-  tu  >»■  nniL  tiki.-  oUwnk  truu  led  Ui  liiclil.  uiil  llluslrau*  At 
tWnul  A  '  i.iiuLr*i:Ui«  mnaiiul'T." 

another,  to  the  total  height  of  which,  however,  there  is  a.  limit, 
no  matter  what  the  strength  of  tli<*  stiniuluti  U8vcl. 

If  the  stimuli  follow  vnch  otLfi-  vritU  a  certain  rapidity, such 
>  traciuK  '^  ''^it^  rt'presentud  in  Fig.  19t  \a  obtained ;  ami  if  tho 
rapidity  of  thi-  i^timulatiou  excwuJs  a  certain  rate,  the  result  is 
that  eueu  in  Fig.  ISi. 


Pu.  ntt-Currraf cionplci* ictniilccouiracUoDtl'ntnr). 

It  is  (KMMtble  tu  SCO  in  these  tracings  a  genetic  relation,  the 
spcond  ligurc  hcing  evidently  derivable  from  the  first,  and  tho 
third  from  tho  second,  by  the  fusion  of  all  the  curves  into  one 
straight  line. 

If  a  niuccle,  isolated  as  we  have  debcribed,  be  watched  dur- 
ing the  period  that  it  is  writing  the  second  and  the  third 
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ti«cing,  it  may  be  observed  that,  during  tbat  rorreepondiiig  to 
the  fnntier,  though  it  is  shopteneci,  it  does  tiot  remain  (Hiiinlly  «> 
throuKhniit,  while  iluriiiK  the  writing  of  the  thini  trariii^lhi*n» 
'i»  no  variatioti  in  its  condition  apprecisiMe  by  the  eye.  Wlmt 
hfts  hn))]ionefl  is  this:  The  muscle  during  the  condition  ligiirr-d 
in  tho  st'cond  irnciniu;  haj*  yif^riods  of  alU^niating  contriu-tion  and 
partial  rolaxtttion,  but  during  the  thinl  viisc  the  Inller  pha«u 

I  bioii  Kppnreiitly  omittu<l— the  ttiuscio  romiiins  in  contiiiuous 
>ntriu'ti<jn.  lu  reality  thiu  is  not  the  oji»o  tniloss  we  aro  mis- 
taken as  to  tlie  nii'uuing  of  the  musclt^-souud. 

The  Mniole  Tone. — Thero  aro  a  number  of  oxpt-rimenlal  tafta 
from  w-hith  important  conulustons  liave  htivn  drawn,  to  which 
attention  ia  now  directed : 

1.  It  has  been  found  that  a  sound  may  be  heard  in  a  still 
room  when  one  brings  the  muscles  of  niafitication  into  aitiou 
by  biting  hard;  or  liBtena  over  a  contracting  biceps  with  a 
stetlioncope,  etc. 

2.  When  the  wires  of  a  telephone  (cominnuicator)  aro  con- 
nucted  with  d  muscle,  u  sound  is  heard  during  tho  contraction 
of  the  musolf. 

From  these  facta  it  was  concluded  that  a  nuiscle  when  con- 
tracting gives  rise  to  a  sound ;  that  t^tnnus,  as  the  fiirra  of  con- 
traction  we  are  describing  is  calltK),  is  essentially  vibi-atory  in 
chnriicter,  which  seems  to  answer  to  the  graphic  representntiuns 
from  A  muscle  when  in  tetanic  contraclion.  nml  is  in  harmony 
with  the  case  to  which  wo  called  ivttontion  at  the  commence- 
ment  of  this  subdivision  of  the  subject.  Tho  note  heard  cor- 
responded, in  the  case  of  an  isolated  muscle,  to  the  number  of 
stimulations  per  second ;  while  for  muscles  made  to  contract  by 
the  will  the  note  was  always  the  same,  answering  to  about 
forty  vibrations  per  secoufl;  hut  as  forty  stimuli  are  not  re* 
quireii  within  this  period  of  time  to  induce  t-etanus,  it  wiu 
thought  that  this  mite  was  probably  the  harmonic  of  a  lower 
one  answering  to  twenty  vibrations  in  a  second. 

It  has  been  recently  shown  that  a  very  much  smaller  num- 
ber of  vibrations  of  the  muscle  can  give  riac  to  an  audible 
sound,  so  that  tho  explanation  it  would  seem  must  now  be 
modified;  and  it  is  likely  that  some  peculiarities  of  the  ear 
itself  must  betaken  into  the  account  in  the  explanation.  lu 
making  the  observations  referred  to  above  (in  1),  the  student 
will  6nd  it  very  importntit  to  be  on  his  gunni  against  Boarcw 
of  error,  08pe<-iatly  with  the  use  of  a  stethoscope, 

Wu  may  safely  l-uiicI iide  that,  at  all  events,  most  of  the  mus- 
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ronlniotiwnn  occiimiig  within  the  living  body  are  tetaiiit- 
— L  f-.tht-  uiii»cIoiitiu  H  ciimiilioriof  shorlj>iiiiin,  with  only  very 
brief  iiiiJ  Mlighl  |ihum-:i  of  rt'liixiitioii ;  nii<l  that  a  comimrntivoly 
smalt  numbur  of  in'lividiii>I  (-oiitnu-ticms  iKuflioe  fur  tutnniiH 
whun  I'liiuM-'d  l>y  llu'  a<'tion  of  tliu  ccnlrnl  luTvmis  *y>ti'm; 
ihougti,  as  provi?(J  by  t'spcrinn-'nts  on  niusck-  ri-raovod  from  tlip 
body,  Ihey  may  be  enormoualy  iucrwuw-d.  Wbilo  a  fitw  stimu- 
IstionB  per  second  suffice  to  cause  tetanus,  it  will  also  pprsisl 
tbnuf,'!)  iboiisatnis  Im>  finp!oy<''l. 

The  Streogtb  of  the  Stimolns. — We  Imve  aRsuraed  that  in  thr 
of  coutnictiou  thus  far  considerwl  the  stinuiluswas  ndo- 
f  to  pnxliirt.*  tliu  full  niiiouiit  of  coulmotion.  or  nn  miuh  as 
could  Im.>  ublaiuMl.  Such  a  contraction  and  s<icli  a.  fitiniulus  uru 
HpolcL'u  of  as  nifij-ima/:  but  the  stimulus  might  fall  u  little 
«bort  »f  this,  and  is  then  termed  suh-maj-imal :  or  it  may  be  re- 
gardml  from  the  point  of  view  of  being  the  loaat  that  will  cause 
a  contraction,  and  is  then  the  vtitiimal  stimulus. 

It  is  im[K>rtant  to  note  that  any  siiHtlt-n  change  in  an  electric 
current  n*!)!  a<'t  as  an  excitant  to  uiuscular  contraction,  but 

,t  very  considerable  iliangf-s  in  the  strength  of  the^-nrif-nt  if 
e  gradually  do  not  reai-t  on  the  muscle.  It  riomf limes  hap* 
pons  tlint  u  ttndden  onward  push  of  tho  sucoiidary  coil  of  an 
inilticti(in-n)H>'binu  will  produci*  either  a  tetanim  (though  the 
tt^nuioa]  wires  or  uV-ctrodes  were  arranged  for  a  »ingle  induc- 
tion shock)  or  what  is  known  as  a  supermaximal  contraction — 
i.e.,  one  in  excess  of  what  could  be  obtained  by  more  gradual 
advances,  which  have  no  effei-t  usually  after  a  certain  mnxi- 
niani  of  contraction  is  reache<l.  This,  we  think,  a  malttr  of 
considerable  practical  importance,  and  shall  i-efer  to  its  sigiiifi- 
cnuce  in  a  later  chapter, 

Sinct*  the  o|H.-ning  or  dosing  of  a  key  which  makes  or  breaks 
tlw  current  really  implies  a  very  gi'tut  chuuge  in  the  strength 
of  iho  current  affected  uuddejily — that  is  in  faL-t  from  0  to  some 
+  quantity  or  the  reverse — wo  find  that  usually  the  most  marked 
contractions  occur  only  at  these  times,  and  this  holds,  whether 
the  cnrrent  bo  slowly  or  rapidly  made  and  broken  (inter- 
rupt«d). 

The  nerve  being  the  natural  means  of  conveying  a  atimu- 
las,  it  is  eiasy  to  understand  how  the  contraction  happens  to 
follow  most  perfectly  and  with  less  strength  of  stimulus  when 
tbiii  structure  is  excited. 
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ThB  ClIANUBd  I.N   A   MllKC'LE   DrRlSO   COXTRACTIOK. 

Tliuiigli  the  chiiiiKO  in  form  Ib  very  great  during  the  con* 
tr»ctioii  of  n  iiuuclii,  thu  vhmigi'  iu  liulk  is  almost  inappreci- 
iiblo,  nmuiiiitiiig  lo  n  (limiiiutiuD  of  not  more  than  about  tVbii 
of  tlw?  voluiiiv.  Ill  fiict,  uci'orJing  to  tho  lalcnit  investigator, 
ihtTi*  is  uo  ilimiiiulioii  whatGVur.  A  series  of  levers  may  be 
laid  on  u  musi-lo  or  the  culumns  of  sir  in  a  series  of  Marey'x 
tambourt;  may  be  influoncetl  by  the  contracting  musrlv,  and 
from  some  such  apparatus  a  graphic  record  like  that  soca  in 
Fig.  183  may  lie  obtained. 

It  ia  to  bo  oljserv&d  that  the  cuntruction  pitfitii<it  along  tlu- 
muM'Ie  in  the  form  uf  a  wave,  the  sixo  and  spM<d  uf  which  are 


Pia,  IKL— TMrUis  ul  ihr  prupiunllon  »l  tb*  muavulir  wive.    Chronocraphlc  ImtUig.  unc 
liunJrHl  ritwvUouB  |icr  •coonil  undrroMib  (SUnyi. 

Buweptiblp  nf  mMisiirement.  For  the  frog  the  wave-Ienglli  is 
eslimnti-il  at  from  200  to  -KK)  mm.,  and  the  vehicity  at  about  3 
to  4  metrea  jwr  second. 

II  is  [jpotmbly  rather  groator  In  the  muscles  of  mammals 
and  greutor  under  the  inoru  natural  ouuditiunis  of  tlii.-  mitsrle  in 
till"  intact  living  body. 

But  siucu  the  Gbers  of  striped  muwle  are  of  very  Umitt-d 
length  (30  to  40  mm.),  it  would  seem  that  a  contraction  origi- 
nating in  one  fibLT  must  be  capable  of  initiating  a  similar 
actiun  in  its  neighbor;  and,  as  the  ends  of  the  libers  lie  in  con- 
tact, it  ia  easy  to  undenttand  how  thu  wave  of  contraction 
spreads.  Normally,  the  nuitraction  mu.st  jiass  from  about  the 
center  ftf  the  mu»cl«-i.*ell  where  the  nerve  terminates  in  the 
utid-pluto. 

Tile  microscopic  changei;  occurriug  in  contracting  muscle 
are  not  Wfll  understood.  The  living  muHcle  of  a  beetle's  tbigli 
when  placed  under  a  microscope  may  be  seen  in  contraction — n 
sight  of  the  most  striking  nature,  reminding  one  of  a  billowy, 
tempeatuous  sea,  and  by  the  use  of  reagents  the  waves  of  eon- 
traetion  nuvy  be  fixed. 

It  may  be  Htutvd  that  the  parts  distinct  before  renmin  su 
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lunnfl*  rontriu'liim,  nuA  tbut  »I1  parts  <if  tin-  muHC'le-BulinlAiiixi 
isvem  Ut  aiiikrv  in  the  rlianges  of  form  invulvetl. 


Tub  Elasticity  of  MfscLE. 

Ill  ]»n>portion  fts  bixlieti  tpnd  to  rwume  thdr  nrigiiuil  fonu 
whun  nlU^rt'd  by  niecliaitical  fnrco  are  they  elaatio,  aud  the  vx- 
(ctit  tu  wliicli  tltuy  do  lliU  nmrki'  tli«  limit  of 
tht'ir  t'lni^ticity. 

If  n  m)i8clu(l>4.'fitooe  witl)  biindlos  of  fibere 
ut  ubout  oqual  lenRtli  and  parallel  arrange- 
ment) be  stretc-hetl  by  a  weight  attaL-hod  to 
one  eml,  it  will,  on  removal  of  Iho  exttnding 
fctrc9,  return  to  its  original  length  ;  and  if  a 

,ea  of  weights  which  differ  hy  n  common 
cni«-iit  he  applied  in  sufceitsion  and  tho 
degn-^*))  of  cxt«nsioiLS  com|»iiH.<d.  us  tnny  bo 
douv  by  tbo  ^ajdiic  mvthud.  It  will  be  appar- 
ent that  the  increas*  in  the  extension  does  not 
exactly  corrcKpond  with  the  increment  in  the 
weight,  but  is  proportionally  less.  With  aa 
ioorgnnic  btxiy,  as  a  watch-spring,  this  is  not 
lltp  cmte. 

Further,  the  roeoil  o(  tho  muscle  after  the 
removal  uf  the  wuight  Is  not  perfect  for  all 
weights ;  but  within  certain  nan-ow  limits 
tbi*  is  ibe  ease,  i.  e.,  the  elastit-ity  of  muBclo, 
ibciugh  slight  (for  it  is  easily  over-extended), 
it  perfect.  When  oncp  a  mnscle  is  over-ex- 
Ivndml,  mo  wfighleil  that  it  cnn  not  reach  it8 
original  length  almost  at  unco,  it  is  very  iilow 
to  recover,  which  explains  the  well-known 
duration  of  tho  effeftj*  of  sprains,  no  doubt 

Ing   to  some  profound   molecular  change  fb,  iw-i>„  Bcd^Ror 
;iat«l  with  the  stretching.  ;ri"^T«i':i'-'J 

The  tracing*  bolow  »how  at  n  glanco  the  "u,"""" i^J'^S^i 
diffen-nce  Ulwwn  the  olattticity  of  muscle  S;<.,li^?."m;ii(.ru 
and  .if  ordinary  bodies.  Tw """'"^  "'"' 

It  18  a  curious  fact  that  a  muscle  during 
the  act  of  contraction  is  more  extensible  titan  when  passire;  a 
dJMidvniitage  from  a  purely  physical  point  of  view,  but  proba- 
bly a  real  advantage  as  tending  to  obviate  sprain  by  prevent- 
ing too  tiudden  an  application  of  the  extending  force. 


^^ 
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It  will  1*0  bomo  in  niind  tlmt  tho  limlw  «ro  ImUl  togetlipr  as 
liy  elastic  liaQ<l»  sligtitly  ou  tlit-  slretc-L,  owiitg  to  Ihu  I'lustitity 


S 

Fin,  IM  — nilUtraUcoB  i>t  ttip  iHiTiTcnw  In  «IMIell7  cf  tMnlniBK'  adiI  livlue  mniirr  laripr 
Vmv  I  (Uimn  mphlcalljr  brbaiior  of  ksiiwl  upriov  umliv  ntunJ  Inumiii-nu  >ir  wrUki 
■  A  (Ittillur  Indnic  oUAlued  from  an  Initln-niMxir  liuuL  I,  Tt*  ttiim  from  a  fpvx 
iiiiuh.'l<'  Noiulliattho  uUiMlon  <l-H-i'i-a«>aia-ith  ->«>•'  iiictmntiitaof  wrivhi,  ai»I  i.liii[thi< 
niuKflr  fallii  to  nAurn  tu  U»  UricliuU  lu^tioa  UlMCnnj  »(Mr  ivnotitl  c(  lEv  wt-'lcht. 

of  llie  iinisclos.  Now.  ng  gopn  in  many  tracings  of  raneoular 
contraction,  tliore  is  a,  tL^ndi'iiry  to  imjiurfi'Ct  relaxation  ufter 
contritction — thu  contiricfion  rrmannier  or  elastic  aftfr-rffed, 
wljic'Ii  tfftii  he  uvt-rconip  by  (•tmtk'  traction.  In  the  living  Wiy, 
the  weight  of  the  limbs  ami  the  action  of  the  stretched  muscles 
on  the  side  of  the  limh  opposite  to  that  on  which  the  muscles 
in  actual  coiitractiou  arc  situated,  combine  to  mako  the  action 
of  the  nui»cle  more  perfwt  by  overcoming  this  tendency  to  im- 
pfrfcct  ri'laxntion.  whicli  i»  probably  less  mavlted,  inde{H-ndeut 
of  tln.>)>u  cuii^i<k-ratious,  in  thu  living  bwly.  This  tOasticity  of 
living  muscles,  which  is  completely  lost  on  death,  is  a  fair 
measure  of  their  state  of  health  or  organic  perfoclion.  Hence 
that  hard  (elastic  recoil)  feeling  of  the  muHclea  in  young  and 
vigorous  persons,  especially  athlet<'S,  in  whom  muscle  is  brought 
to  the  highest  degree  of  jierfection. 

This  property  is  then  essentially  the  outcome  of  vitality, 
which  is  ill  a  Wind  the  foundation  of  the  differences  noted  ho- 
tween  tho  elustioity  of  inorgituic  and  organic  Ixidieii.  A  mus- 
cle, the  nutrition  of  which  is  safForing  from  whatever  cause, 
whether  deficient  blood-supply,  fatigue,  or  actual  dist'osp,  is 
deficient  in  elasticity.  We  wish  to  emphasize  these  relations, 
for  we  consider  it  very  important  to  avoid  regarding  vital  phe- 
nomena in  the  light  of  physics  merely,  which  the  employment 
of  the  graphic  method  (and  intleeii  all  methods  by  which  we  re- 
move living  things  out  of  llieir  normal  relations)  fosters. 

Electrical  PheDomena  of  MuMle.— Certain  pieces  of  apparatus 
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not  as  yet  referr«l  to  aro  roiiuirfil  to  ik-tnunstratt?  llie  tilerlrical 
LMnditiou  of  niiUH-lt-.  Tlic  galvattoimh-r  suitable  for  iihysio- 
logical  experiments  is  one  having  very  many  coils  of  extreme* 
ly  fiue  vrire.and  so  adapted  to  indicate  the  presence  of  rurrent.i 
of  slight  intensity. 

In  iirder  that  it  may  be  aitci^rtainod  definitely  that  tho  car- 
rpiit^  that  den(M:^t  thv  galvanoinoti-r  nwdlo  do  iidt  urigtnul4>  out~ 
si^>  uf  the  musc'ld  it^olF,  non-poUirizahh  eUetroilra  vory  curi- 
fuUy  mivl*.^  inuist  ho  Ui«l'<1,  for  thv  contact  uf  ordinary  metallic 
uluclrodes  with  living  tijtsutvt  suffices  of  itself  to  generate  an 
eloctric  current,  as  may  he  simply  illustratod  to  one's  self  by 
placing  two  coins,  one  silver  and  tho  other  copjwr,  in  contact 
with  the  upi>er  and  under  iiiurfa<.-es  of  the  tonguit  rt-apuctively, 
and  meeting  in  front;  a  peculiar  twite  results  from  thu  current 
excited. 

The  constriicUon  of  the  non-]K)Iarizable  electrmles  cnmnion* 
ly  employeil.  nnii  ni*  arrnngtHt  for  u»e,  is  diaffraniniatically  rep- 
n>3«-nted  below  <Fig.  ItHi). 

AK^uming  thu  apparatus  fur  the  detfTtion  of  electrical  cur- 
rant iu  iDU«clti  l«  bo  in  working  urdur,  u  muscle  from  ooe  of 


fe 


Tn.  us.— Noo-inlkrlulilB  aholradcB  of  tHi  BoU-it*r'n'"><l  Ian*!*  RoMntluK  Al  r,  (.. 
BoMWaad  wttti  nUlM  mluUcio.  h  Utd  on  ^1UM■I•^  <ttua  oxll)i>W  it  !■  flIM  wtth  i 
iltlOB  td  rino  iiul[ihM».«  KOMI  eondikHor.  by  iiruk'h  «ufr»nl  Icxuitwrod  '-  -~-'[r 
Huo  pIMr  It,  aad  Uimiiv  lo  c^'mKiiiKfler 

the  cold-bloodod  animub,  prepared  as  rapidly  and  carefully  as 
poasible,  avoiding  all  contact  with  foreign  bodies,  is  cut  across 
the  ends  transversely,  and  placetl  on  pads  of  bibulous  paper 
inoititvned  with  jihysiohigical  ('fio-TS  per  cent)  saline  solutic*n. 
The  ni>n-polarizahteelwtriidcs  cminectf-d  with  the  galvanome- 
ter ftre  brought  in  contact  with  the  mui«^le.  What  reeulta 
d^p^nild  on  tho  piirti<  of  the  niuticle  that  touch  the  electrodes, 
and  L«  repri-«*nt<Nl  dingraninticnlly  in  Fig.  1S7. 

It  will  Iw  obsLTvul  thai  the  i^iigram  indicates  that  U-tween 
Du  current  and  the  Hlrongeut  ubtuiiinblu  there  are  all  shadiis  of 
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strenifth,  according  to  thp  parts  of  tho  musrlp  connpctcd  by  tho 
electrodes.    The  slrutigcst  is  tbut  resulting  wlic-ii  tlu-  8U]iurli- 


FiOi.  0r.— tteprBWDUUlou  or  ekutrtMl  vunwnu  in  a  miuck-rhDmbiu  unar  llc«»nihal]. 

rial  enimttir  and  the  iraiiHVfi'Ke  center  are  coiinscteii ;  anil  ii  is 
foiiiiil  timt  the  nearer  thesfi  points  arc  ajiproacheil  the»tn>ngiT 
tho  cm-rent  liHcomes,  as  is  indil:^ate(l  by  the  greater  extent  of 
«wing(irtbo(fJiIvanometerneMlK«,  Inconncction  with  these >;ur- 
priftrij;  phenoinvnii.  out*  luiliirally  inquirus  wliuthur  such  a  mus- 
cle-curnnit,  (or  siich  it  must  be,  is  natural  or  artificial.  Does 
Duvh  t'XJKt  in  u  living  tuusclL-  in  its  position  in  tho  body,  or  has 
the  injury  done-  to  ii  inusclo  in  its  preparation  by  section,  re- 
moval rnini  tho  usual  conditions  of  nutrition,  and  such  like 
changes,  bi-i-n  the  cause  nf  the  curront  ? 

Afti<r  much  investigation,  by  some  of  the  abloift  physiolo- 
gists I  if  thf  driy.  ilifTnrcnt  ai)swyr«aru  rutunicd  to  tht-at- tjui-rii's. 

Du  BxiN-Kt-yiiKinil  maintains  that  su>'b  i-urri-nt«  »ro  natural, 
anil  may  Ik*  nhtnined  from  muM.-Iu(-ontrucling  in  situ;  while 
H«riiiaiiii  mill  nthors  buliuvo  Ibat  such  a  current  is  owing  to 
the  injury  duni-  t>y  tin'  wclion,  and  that  the  current  from  the 
equator  to  tho  poles  of  Ibn  section  is  dud  to  the  fact  that  the 
injun-d  part  i.-*  uegativi-  to  the  uninjui-e<l  regirm. 

U  is  a  fact  that  if  the  current  Ix'  kid  olF  from  <ui  exposed 
mmrlp  prixr  to  scctiim.  it  is  n-hitivi-ly  very  weak.  Further, 
tIsahtfSnxIcti  placed  ou  tlie  uninjured  vuntnclo  of  an  uuimul'ii 
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convey  no  ciiri-ent  t<i  ths  (jalvaiiometor ;  but  after  tiectioii, 
in  tin'  ea«e  •>(  a  skflotal  muscle,  the  usujii  result  followx. 
All  observers,  hnwever.  are  a^n^ptl  that  a  ctiiTent  is  prorluceil 
iloring  contraction.  Those  not  believins  in  that  just  rofen-eil 
to  above  {■'current  of  ree*t'"),  term  this  one  the  "cuiroiitof 
actiou  ";  while  the  other  schf»ol  namea  it  the  nt^gativf  variafioH 
n(  the  current  of  kM.  innsnmch  as  the  ^alvn»om*^<tiir  nocdlu 
swings  in  the  opfiositti  direction  indicntiiiju;,  as  ihcy  Kay.  a 
diminution  In  the  iirtginnl  curruiit. 

Tbf  prvwrnce  of  this  undispulud  current  con  ho  made  evident 
by  a  simple  oxperiuieut,  without  the  use  of  any  of  the  elabo- 
rate apparatus  noticed  abuv&    Lot  two  frog's  limbti,  with  the 


t».  |M  —  IrTBacHnnnt  nr  poru  to  ibim 
■fWiiulurr  ooMU^^iLi  111  imiftciA 
•alirr  l<o»-iilhiil> 
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nervE<s  IjctouKing  to  thoin.  ))0  prepan-d  in  gi^ml  c(>n<lition  and 
arrsnswl  as  in  Fltj.  188.  no  that  the  nervi-  of  A  rest*  alun^  the 
thigh  of  B.  On  stimulutiug  the  iierveof  B.the  muMciilur effect 
inthtfi  limh  te  answei-ed  by  a»iniilnronein  A.  Thntthis  is  not 
necessarily  liuf  tufwapo  of  the  t-urrent  upi)n  (he  nerve  of  A. 
may  be^ihown  by  piittinj;  h  ligature  anjutid  thu  nt-rve  of  B  below 
Uw  poiut  of  application  of  the  eurrent  and  moixtening  it  so  aa 
to  allow  of  the  free  passage  of  the  current.  In  Huchcaxei^timu- 
tatiiin  of  the  nerve  of  B  given  wholly  negative  roxults.  beciiusi) 
th<'  ligature  hasdentroyed  physiologieal  {molpculwr)  continuity, 
though  it  does  not  pi-event  the  passage  of  the  current.    More- 
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over,  the  result  may  be  obtained  by  other  than  elActricKl 
stimuli. 

Tho  exiilaiiation  of  thfise  [>'>t-tiomerm  of  the  "  rhirosoopic 
fpog"  (physirtloKical  rheo(ier»f)f')  ii*  .4iiii[)ly  th«t  the  clt-ctrical 
coiiditioii  of  B  has  hefii  sudtienhj  chmigcd  by  Ihi-  iKiffiDf^  of 
the  cum-iit  into  the  nerve.  un<l  thiit  Wm  <liff*'ri'iict'  of  i-k^etrioal 
condition  (putuittiiil)  betwc-oti  tlic  iimsck'  of  S  and  A'»  ner\-e 
BuSices  to  iiliDiulato  thv  mii»nle  of  A  (one  is  in  tttd  4*  und  tha 
other  —  );  honcu  the  stiiiuilus  mul  Ihi*  oontraoliun,  thu  nature 
of  which  in  A  is  Ihi-  saiuu  as  that  in  B — i,  e.,  a  liiu^h'  twitcli 
in  B  givea  rise  to  thu  same  in  A,  and  a  tetanic  contraction  tti  n 
tetanic  contraction.  Plainly  the  contraction  of  A  niuM  b«<  due 
to  a  cnn-mit  in  B,  hence  the  prmif  that  a  currenl  wtually  cxi^s 
during  tlie  contructiDn  of  a  nmsclf.  It  may  be  not4<i  tJiot  n 
mere  prick  of  B  will  urouse  in  it  n  contnu^tion  which  in  fol- 
lowed by  the  Hame  rebuilt  as  Ix^fon-  in  A,  «o  thiit  in  lhi»  we  can 
exclude  the  original  >;timuliitin|{  current  nltoguther  as  a  pus- 
Bible  source  of  fallacy,  as  slated  alKJve.  But  one  of  the  most 
striking  proofs  that  there  is  a  current  of  action  (or  negative 
vivrintioti),  is  obtained  by  placing  the  noive  of  such  a  pi-ejuira- 
tion  as  that  represented  in  Bon  a  contracting  mammalian  heart; 
with  each  xystolo  there  ia  a  spasm  of  the  frog's  lop. 

It  is  inijtortanl  to  not^?  that  the  electric  curR>nf  of  muscle, 
however  viewed,  is  an  event  of  the  latent  peritKl,  It  is  asso- 
ciated with  the  chemical  and  all  the  other  molecular  changes 
of  which  the  actual  contraction  is  hut  the  outwani  luid  visible 
sign ;  and  since  the  currents  of  rest  have  an  ap)>rf!ciHhlo  liura- 
tion,  wane  with  the  vitality  of  the  tiiwue,  ami  wholly  disapjRiitr 
at  death,  they  must  be  as.-<;ociHttMl  with  the  fundamentid  fnclit 
of  organic  life;  for  it  is  to  be  remembered  that  electrical  cur- 
rents are  not  conGned  to  muscle,  hut  have  been  detected  in  the 
developing  embryo.und  even  in  vegetable  protoplasm.  Though 
the  evidence  is  not  yet  complete,  it  aeems  likely  that  electri«J 
phenomena  may  prove  to  be  associated  with  (we  de?iigiiedly 
avoid  any  more  definite  expression)  all  vital  phenomena. 

Obemioftl  Ohang^ei  in  Huaols.— In  an  animal,  at  a  variable 
period  after  death,  the  muscle."*  become  rigid,  producing  that 
KtifTneKS  (riijor  mortis)  so  characteristic  of  a  recent  ca<]«vep. 

The  subject  can  be  studiwi  in  »ume  of  its  aepoct^i  to  great 
advantage  in  an  isolated  individual  muscle. 

Three  changes  in  a  muscle  that  has  passed  into  death  rigor 
are  constant  and  pronounceil.  The  living  muscle,  either  alka- 
line or  neutral   in  reaction,  has   become  decidedly  acid ;  su 


I 


lAPI'LlCATIONS  OP  TUB  {IIUI'UH:  METHOD. 


193 


» 


Tanre  of  vtirbunic  Hiibyilriik-  is  suil(k<n1y  ^von  off;  imd 
Twin.  uBpGL-ilic  prutful,  liHS  hm-it  furiuud.  Tbitt  thu8i<  pbe- 
lena  have  eomo  incliaaoluWo  cuanection  with  each  other  so 
'  AS  the  first  two  at  least  arn  concerned,  while  not  uheolutely 
rtain.  rt«»ms  pn^bfible,  as  will  he  learnml  shortly. 
It  will  be  btmie  in  miml  that  miisclE'-tiberH  are  tuben  con- 
ining  M-niilluiil  protopWm.  ami  that  a  coagulation  of  the 
Utti<r  niiiBt  give  rtsti  to  getipral  rigor.  This  protfiplnsniic  siib- 
Ktnuro  cut  be  i-xtmct^Hl  at  a  low  tonipi-mttiro  from  tin.'  muKclea 
of  thi>  frog,  and,  om  thii  tctupbraturi!  risus  cuagiilat^is  like  blood, 
giving  rise  to  a  clot  (myusin)  and  nium.'le-seruni,  a  flui<l  uot 
very  unlike  the  serum  of  blood. 

This  myosin  can  also  he  extracted  from  deail  rigid  mu8- 
eles  by  ammonium  choride,  etc.  It  resenible-s  the  globulins 
genorally,  hut  in  less  Boluble  in  saline  t«olutions  than  thf  globu- 
Bn  of  blood  (paraglobulin) ;  is  1ps»  tough  than  tibriri ;  bus  n 
very  low  conguhvting  point  [55"  to  HO"  C):  and  l»  somewhat 
j«lly-)ike  in  upiK-arance.  The  clotting  of  blood  and  of  muscle 
is  thus  analogous,  raywtin  answi-ring  to  fibrin,  and  there  being 
ft  serum  in  each  case,  botb  processes  marking  the  permanent 
difiorgaoization  of  the  tissue.  The  reaction  seems  to  be  due  to 
the  formation  of  a  kind  of  lactic  acid,  probably  sarolactic; 
though  whether  due  to  excessive  production  of  this  acid,  on 
th)?  death  of  thu  muscle,  which  for  some  roason  does  not  remain 
free  in  the  living  muocle,  or  whether  sarcolactic  acid  arises  as 
M  new  product,  is  uncertain.  It  is  certain  that  the  acid  retiction 
of  dead  muscle  is  not  owing  to  carbonic  acid,  for  the  reddened 
litmus  dous  not  change  color  on  drying. 

That  a  muscle  in  action  does  use  up  oxygen  and  give  off 
carbonic  anhydride  can  be  definitely  proved ;  though  it  is 
equally  clear  that  the  life  of  a  muscle  is  not  dependent  on  a 
eonslani  supply  of  oxygen  a.i  is  that  of  the  indindual,  for  a 
muwle  can  live,  even  contract  long  and  vigorously,  in  an  ntmoit- 
phcpe  frr-e  from  this  gas,  as  in  nitrogen. 

From  the  suddimnoss  of  tho  increase  of  carbonic  anhydride, 
the  onset  of  dcuth  and  rigor  mortis  has  boon  comparvd  to  an 
explosion. 

After  this  the  muscle  becomes  greatly  changed  physically: 
its  elasticity  and  translucency  are  lost;  there  is  absence  of 
muscle-currents;  it  is  wholly  nnirritable,  is  less  extensible — it 
is,  a.1  before  stated,  tirmer — it  is  dead. 

But  these  fundamental  phenomena,  the  increase  of  carbonic 
anhydride  and  the  acid  reaction,  are  observable  after  prolonged 
18 
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tetanu)!.  It  wa«.  tlK<n-fon!— putting  all  tho  fncts  togeititr  that 
wo  iiDW  ivfcr  iA>  uiul  otliuru,  not  fur);utting  that  &  nius^'k*  is 
always  rf-sjiiriDK.  iubullng  oxygvii,  aiirl  uxhiilmg  carbomc  an- 
hydriile^Dot  iinroasoiiablo  to  uoiicliulo  that  normal  tptantui 
and  rignr  mortis  wure  but  oxaggt-r&tod  conditionti  of  a  natural 
»tate.  The  cimpiilation  of  tht'  muscle  protoplasm  {plamna), 
giving  rise  to  myosin,  was,  however,  a  serious  obstarlt*  to  the 
iu]optiou  of  Ihia  view.  Bnt  it  has  very  recently  bwn  nrged 
with  gh'at  plausibility  that  an  old  view  is  correct,  viz.,  that 
rijjor  mortis  (oontrm'luiv)  is  tho  l>i)«l  art  of  muKt-le-lifo;  it  is,  in 
fact,  a  prolongL'd  ti.>taiiu»i  or  contracture,  unding  in  most  cases, 
though  not  all,  in  coagulation  of  the  myosin.  This  state  can 
Ire  induced  and  recovered  from  in  favorable  cases  by  cutting 
off  the  blood  from  a  part  by  ligature,  and  later  readmitting  it 
to  the  starving  region.  It  has  been  suggested  that  the  prod- 
Tuctit  of  the  mu»tde-waste.  usually  washed  away  by  the  blootl- 
stream,  in  such  an  i'X)RTinient  and  aftcT  dfath.  tx>lk<ct  and  act 
US  stimulant  to  tho  niuuolv,  causing  it  toromain  iu  permanent 
contraction. 

Tlio  other  constituents  of  dead  muscle  and  their  relative 
projrerties  may  be  learned  from  the  following  table  (Von  Bibra): 

Water 744*6 

Solids :  Myosin,  elastic  sulistaiice,  etc.,  in- 

soluiiU-  in  water lfi5"4 

Soluble  protoida 19*3 

Gelatin 207 

Extractives  and  salts .37'! 

Fata 330 

«55  6—255-5 

Total 1,000 

Among  thu  t\tfractii'ts  of  musclo  very  important  is  creatin 
("S  to  "3  per  cent),  a  nitrogenous  crystalline  body.  Certain 
allied  forms,  as  xanthin,  hypnxanthin  (sarkin),  karnin,  t&nrin 
and  uric  acid,  aiT  also  found. 

Glycogen  (animal  starch),  very  abundant  in  all  the  tissues, 
including  the  nuiwlcs  of  the  embryo,  is  found  in  small  quantity 
in  the  mu8clu!t  of  tho  wlult :  and  iu  thu  hourt-niusclo  a  i*eculiar 
sugar  (inuail)  is  presont. 

It  is,  of  courso,  very  difficult  to  say  to  what  t-xlont  tho  bodies 
known  as  extractives  exist  in  living  muscle,  though  that  glyco- 
gen, fats,  and  certain  salta  are  normally  present  admits  of  little 
doubt. 
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There  is  a  cfilnriiiK  matter  in  muscle,  more  abundant  in  the 
rt*\  iiiii.scl^i*  of  certain  ntiimnLi  than  the  Jiale,  allieil  to  hiPmo 
globin.  ir  not  identical  with  that  body. 

It  may  l)e  stated  ast  a  fact,  the  exact  oignifii-anoe  of  which 

lukitown,  thftt  duriiix  contraction  the  exlra<-ti vc»  sulublt'  in 
water  dt-criMUO,  whilv  thitsi?  xolnblo  in  nlcohol  incriMtso. 

It  will,  liowover,  bt>  vury  plitin,  from  what  h»tf  bi-vn  stated 
in  this  sectiun,  that  lifu  juvux-ks^-s  and  chomioal  changei)  are 
closely  associatwi,  and  to  rualizu  this  ia  worth  much  to  the 
student  of  Nature. 


* 
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Thermal  Chakgbs  in  the  Contracting  Ml-sclb. 

Since  very  marked  chemical  rhange»  accompany  musiHilnr 
ilrartion,  it  mi^ht  be  exi>ected  tbnt  them  would  he  some 
<litication  in  temperature,  imd  probiilily  in  the  dirt-ctiou  of 
fluvHlion.  Ex|>eritnent  proves  this  to  bo  thocaso.  IT  a  ther- 
momotiT  flncly  gniduat^^td  Ik-  kept  among  tbi*  mu^ck-x  of  the 
limb  of  a  mammal  during  l]w  contractions  that  follow  the 
Btimalution  of  thi'  main  nerve,  a  decided  rise  of  lem[ierature 
may  be  noted  during  the  prolonged  tetanun  that  may  bo  thu» 
oHginated.  True,  during  the  contraction  of  a  set  of  mii8ck'« 
under  such  circumatanc<w,  there  is  a  possible  fallacy,  from  tin- 
*'xcej*9  of  bloo<i  going  to  the  parts  owing  to  dilnttition  of  the 
blouil-ves»«l9,  which  it  would  be  ueci-ssary  to  exclude— !.«,,  we 
mnst  either  aM-nrl^iin  that  such  i\i>es  nut  taki>  place,  or  take  It 
into  account  as  a  fiu.'^tor  in  thu  c4tU!;ution  of  the  ritie  of  tL>uipera- 
tnre.  However,  by  uDing  a  delicate  ihormopylo,  a  tnusclo  to 
which  no  blood  psttses  may  be  shown  to  grow  wurmur  during 
contraction. 

But  why  should  a  muscle  when  at  rest,  aa  may  be  shown, 
maintain  a  certain  t^miperature,  unless  chemical  changes  are 
constantly  taking  place  ?  As  ali'eady  stated,  such  is  the  case, 
and  tlie  ri^e  on  jiassing  into  tetanus  is  simply  an  expression  of 
incrvnMiil  chemical  itction. 

Wliat  \*  the  rukture  of  the  combustion  originating  this  heat  Y 
Atv  cvrlnin  t-riide  maUirinls  witli<lmwn  from  the  blotwl  and 
bnme»i  up  din-ctly  in  the  muscle-nubsUuioe;  or  is  the  muscle 
itself  continuously  building  up  and  tearing  down  ita  own  sub* 
stance,  all  of  which  implies  oxidation  ? 

All  attempts  to  explain  the  facts  apart  from  the  latter  view 
have  lieon  unsuccessful,  and  we  arL>  forced  to  conclude  that 
mioh  is  the  synoptical  statement  of  the  life-history  of  muscle. 
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No  machiiio  known  lo  )i»  n-si'inblcs  huiwIc  oxeopt  suikt- 
ficisDy.  Tbo  stoain-i'tif^iic  rlmtigi-K  fiiL>l  iuto  lit-at  udi]  invvbaiii- 
csl  motiun,  but  tboru  tbo  r(wemblaii(N>  uiirls;  Must^lo  cbitngoH 
itfl  food,  or  fuel,  DOt  dirixrily  into  cithor  bent  or  motion,  but  into 
itwlf ;  yet  as  a  machiiii'  it  is  more  pffectivo  than  thu  steam- 
engine,  for  more  work  uiui  luss  lioat  are  the  outcome  of  its 
activity  than  is  the  cuse  with  the  steam-engine. 


Thk  Phi-sioloov  of  Nkrvk. 

Muscle  nnri  norve  are  constantly  As^ciatod  functionally,  and 
bavosu  unicb  in  eommon  that  it  btH.'omi'W  dvsimble  to  study 
them  lo^utbur.  Much  that  has  Ixiun  ustablished  for  muscle 
holds  equally  well  for  norvi' ;  and  the  Inttor,  though  appai-entiy 
wholly  difToreut  in  stnicturo  at  Jirst  si^ht,  is  really  not  so. 
JJerve  bay  its  protoplasmic  part  (axis-eylinder).  which  is  the 
essential  structure,  its  protective  sheaths,  and  its  nuclei  (nerves 
corpuscles) 

As  already  indicated,  a  nerve  possesses  irritability,  and, 
siiice  a  muscle  does  not  respond  to  an  electric  current  seat 
through  a  nerve  ex<:ept  when  there  ia  a 
Hudden  change  in  thu  strength  of  the 
current,  it  becoine«  interesting  to  learn 
why  tliiH  should  be  the  case. 

Experimental— Xn  Fig.  190  are  shown 

dingntniuiiilicaily  two  muscle-nerve prf|K 

^  j^^        arwtiiinji,  and   the    apparatus    necessary 

>B  for  applying  a  constant   current  u»d  a 

(momentaiy)  induced  current  by  singlu 

Jfe       Jk  shocks  to  the  nerve. 

■  ■     ^\  A    strength    of   current   sufficient  to 

■■     ^1  cause  a  (sub-niiixinial)  contraction  by  an 

W      W  induction  shuck  is  determined,  and  the 

J         P  indnctorium  left,  at  this  ^aduation.     A 

Pia  loo -BiiwnimiTiwic  rep-  constant  current  of  moderate  strength  Is 

TXi"iC  ISr^iVrSilg  ttllowed  to  pass  into  the  nerves  of   tbo 

<LiJS5r'r!i!uTr?S!i:  preparation.    It  is  fmind  that,  in  the  one 

?C^n-.*if'SS;«W  <-a«e,  the  muscle  cr.ntracti..n  l9  iucreaswl, 

"'S'.iX^SSS^.iwhtali  ""''  '"  *^*'  other  diminichtti  or  alisent, 

^jSSily^wmlS.  """''*  "^*"    *^'P  ^™*  strength   of    induction 

shock  is  Kent  into  the  nerve  at  the  points 

bftlow  the  entrance  of   ibe  constant  current — that  is  to  say, 

the  irritability  of  the  norve  has  been  increased  or  diminished. 
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found  l)i»l  when  the  constant  ({lolnrizin.i;)  current  is  pASS- 
iiig  fruiii  (ibov«  flow nwnnt— Hint  is,  when  the  cathode  (iiuga- 
tivv  pole)  i»  on  Ihu  Hide  toward  tbo  muscle — the  irritiiliility  of 
the  nurvi-  is  iiion-asod,  iiud  the  ix-verso  when  the  oppotiitv  cou- 
ditionii  pruviitl. 

This  altered  condition  is  known  ah  rlectrolonva.  Unfor- 
tanately  this  term  is  used  somewhat  loosuly,  sometimes  hein^r 
employe*!  in  the  sense  now  explained ;  sometimes  to  denote 
a  chani^e  of  ele<'tro.mo)ive  force  that  accouipaniai  the  altera- 
tion of  irritability ;  and  a^iii  to  cover  all  the  conditions  implied 
in  Uie  experiment.  It  is  a  fact  that  during  tlie  pasnage  of  a 
it  current  the  natural  nerve-current  is  affe<'te<l.  being 
d  or  tlimiui^hed  according  tu  the  direction  of  Hie  p<^>lar- 
isini;  current.  Thoru  is,  howuvor,  bo  much  dtlTerence  of  opinion 
in  regitrd  to  tlii»  subject  thiit  it  i»  very  doubtful  whether  it 
should  be  inori'  thun  noticed  in  passing, 

But  to  return  to  electrotonus,  which  is  both  interesting  and 
important,  it  has  been  found  us  n  result  of  miiny  ox|>enments 
that  profound  modifications  of  the  irritability  of  a  nerve  do 
take  place  during  the  pfi^i^uge  of  a  constant  current.  These  are 
diagnuumutically  repi-esoated  in  Fig.  !0I. 
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l-pntoi. 


k.haUtaa* 


Briefly  stated,  they  are  these :  1.  The  nature  of  the  change 
depends  on  the  direction  of  the  polarizing  (constant)  current; 
betice,  if  the  current  in  descending,  there  is  an  increase  of  irri- 
tnbility  intlHtHroloMu/i]  in  the  portion  of  the  nerve  nearest  the 
mtuicle,  and  t^ire  vertftt,  U,  Tlie  extent  of  the  chiiuKe  nf  irrita- 
bility t»  dependent  on  the  strength  of  the  polnrixing  cnrrent 
X  Thf*  changi'  is  most  marked  close  to  the  electrodes,  spreads 
to  a  consi'K-nibie  fxt^'nt  Uiyotid  thiw  point  without  the  elec- 
tnvlm  («xtra-|H>lar  regions),  and  also  exi»t«  within  the  reftion 
of  oontaut  of  the  electnide-t  (intra-polar  regions).    4.  It  follows 
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that  tlicro  must  1)0  H  jKiiiit  fit  which  it  is  not  experienoed  (iiidif- 
fdtx-iit  jHjiiit  ur  noutntl  point). 

Now,  it  i»  possihlo  lo  undorstHiid  why  a  stuMcQ  change  in 
tho  ciirr(>Dt  uhuutd  cnumc  a  musLuiInr  contraction.  An  eiiunlly 
Kudduu  churigu,  a  iiruf<juii<l  itiulcculur  etTi'd,  bus  bini'ti  0(mi«i-d, 
and  this  wo  must  heliovu  u^i-uiiliul  to  tho  cauMttiun  of  u  muMru- 
lar  contraction  through  the  influoncu  of  u  uervo. 

ToiiSG  on  illustration  which  may  serve  a  good  pur(>i)SO  if 
not  taken  too  literally,  it  is  u  woll-knnwn  experience  that  one 
Rittiiij;  in  a  room  in  which  a  clock  is  ticking  soon  fails  to  notice 
tliiii  regular  »ound ;  but  should  the  clock  stop  suddenly  or  tui 
suddenly  commence  to  tick  very  rapidly,  the  attention  is 
arousod,  whilp  a  very  j^'adnal  slowing  to  cessation  or  the  re- 
verse wt>uld  have  escaped  notice.  The  explanation  of  sucli 
facts  takes  us  dnurn  t^  the  veiy  foundations  of  hiology;  bnt 
just  now  We  wi.sh  iiiily  to  elucidate  by  our  <iwn  ex[>erienc4i 
how  it  is  piwsiblc  tit  conceive  of  a  muscle  hehig  stimulat'^it 
by  tliu  molecular  luovenionts  of  nerve,  or  ntther  a  chauf^u  in 
these. 

There  are  importnnt  practical  aspects  to  this  question.  One 
may  understand  why  it  is  that  electricity  proves  so  ready  a 
stimulus,  and  is  so  %-uIuablu  a  thurapuutic  agent.  It  seems, 
in  fact,  as  will  be  learned  later,  to  be  ciipablu  of  taking  the 
place  to  some  extent  of  that  constant  nerve  influence  which 
we  believe  is  being  exerted  in  the  higher  aniniaU  toward 
the  maintenance  of  the  regularity  of  their  cell-life  (metabol- 
ism). 

Patholo^cal  and  CUnioaL— It  is  believed  that  in  tho  nerves  of 
mau,  within  iiis  living  body,  tho  cleetrotonic  condition  can  b« 
indueinl  as  in  an  isolated  piece  of  iiorvo.  Hence,  the  value  of 
tho  constant  current  in  diminishing  nerve  irritability  in  neu- 
ralgia and  allied  conditions.  Apparatus  of  great  nicety  of  con- 
struction and  capable  of  generating,  accurately  measuring,  and 
conveniently  applying  electrical  currents  of  different  kinds, 
now  adds  to  the  resonn'eft  of  the  physician.  But  we  are  prob* 
ably  as  yet  only  im  tho  lhre?ihold  of  ele<"tro-th  era  pen  tics. 

Lav  of  Contractioii  (Stimulation).— A  given  piMXt  of  norvo  is 
stimulatoil  only  by  the  Jt|i|n-aninre  of  cntcleclrotunus,  and  the 
disiipptiaraiice  of  aneleclrittonus;  but  tho  disappenninco  of  cat- 
elootrotonus  and  the  npt>OJir»nce  of  unelootrotonus  are  without 
effect  (Pfliigur).  This  so-irtdled  law  is  sup)»>sed  to  explain  the 
following  fftcts,  which  may  bo  thus  expressed  in  tabular  form 
tafter  Litndois) : 
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Eleetiio&l  Orgau.— KU>ctrical  prnpertios  can  be  nianif(«ti.'x] 
bjr  a  large  nomber  of  Sabes;  and  the  i«ii1)}ect  is  of  spwial 
tlieorntical  interest.  It  in  now  ostatilishcl  tliat  t]ic  <l6vc<lopmuDt 
of  i.Owtriwil  ofKaiiK  points  to  their 
boing  tipi^ialty  moiliQed  mnmOt^ 
— tl»m&%  in  fact,  in  whirh  tho 
omtntotiJo  substance  hmt  di^ip- 
peored  and  the  nervoit!<  c-lviuonts 
become  pre<lominant  ami  pcciiltiir. 
So  work  i»  done,  but  Ihr  wliulo  of 
Ihi'  choniical  energy  is  rvprcacntiHl 
by  elwtricity,  Fuuclioiially  un 
electric  orgau  (whicli  ueually  is 
some  form  of  coll.  on  tin*  w»lla  of 
which  ntTvw!  art-  distributed,  in- 
closing a  gelutiuous  substance, 
the  whole  being  very  suggeHtive 
of  a  galvanic  battery)  closely  re- 
serableti  a  muscle-non'p  prepara- 
tion or  its  equivalent  in  llie  nor- 
nutl  Iwd y.    The  electric  organs  ex- 

jwrionce    fatigue:   have  n   latent    rw  m   Thi-  pirttnc-  art  torpwtifc «» 
porioti;  their  discharge  is  t«t»iii(^' 

(tntemipted)  ;  is  excited  by  mo-       n-ni^ ...  n..rv^ v>  jm^ni  nu--.  -i. 
chanicul,    tlivrina).    or    t-li-ctrical 
stimuli ;  and  the  cirLVtivenL>»<)  of 
the  organs  is  heigbtened  by  elevation  of  temperature,  and  the 
reverse  by  cooling,  oio. 

MifsrcLAR  Work. 

If  during  a  (jiven  period  oae  of  two  persona  raises  n  weight 
thruugli  thi*  MLIU6  height  hnt  twice  as  frequently  as  lliy  other. 
It  is  plain  that  ho  doos  twice  the  work ;  from  such  a  ease  we 
may  (k-«Iucf  the  rule  for  calcnlatiiig  work,  viz.,  to  multiply  the 
wvi(;til  and  height  togothor. 


lKui!i'>  <      I:.  hnncMm :  e,  linJn  :  o. 

nt-nl  iBlrraloi^  np.  itnopbet  ot  fora- 
auiinuulo  Dcmii  lo  electric  oivui* ; 
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Tlio  effectiveness  of  a  ^von  rausck*  must,  of  eoarxe,  depemi 
on  th«  ili'xn-e  to  whit-h  it  ahortuus,  whidi  is  from  un«  half  to 
tbroo  fifths  of  its  lenRth ;  and  the  imtubor  of  Rhevs  it  contains 
— i.  w,,  «p<)H  its  Icnfi^th  and  the  area  of  its  cro8n-sectiou,  takioK 
iuto  uccoutit  in  connection  with  the  first  factor  the  armnse- 
niL'iit  of  the  fihers;  those  muscles  in  which  the  fihers  run 
lougituiliUHlly  Iteirig  capahle  of  the  greatest  total  shortening. 

There  is,  om  shown  by  actual  experimental  trial,  a  relation 
between  the  work  done  »nd  the  loa<l  to  he  lifted.  With  ilouhle 
the  weight  the  conlructioii  may  l>e  as  grt-Jtt  ua  at  first,  or  even 
greater;  but  a  limit  is  Kuon  ruached  bL-yoml  which  contraction 
is  impossible.  This  priuoiplu  iiiuy  bo  stated  tliU!i:  Tlie  ct/iitnu'- 
tion  t*  «  funciion  of  the  stimidiw,  and  is  iUustmted  by  th« 
diagram  below  (Fig.  103), 
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Fm.  Un.-  IMiinHnuC  RuiM-iitar  vnniimMMwwIih  Hiinc  (timiilim  bdiI  incn-ulDi;  vrrlsliu.    Thr- 
□UHkbcrit  rtpivfltnt  KnLiiijiii4iU<-'Kpiu]rli.^kl' 

It  has  been  shown  ex {K^ri mentally  that  the  ehemical  inti>r- 
ehangeri  iu  u  mUHcle,  acting  ngainst  ti  considerable  resistani.'e, 
are  incruisod — i.  e,,  the  metabolism  und  the  working  tension  are 
related. 

These  experimental  facts  harmonize  with  our  expeiience 
of  a  sense  of  satisfaction  and  effectiveness  in  the  use  of  the 
inu-'ti'les  when  weights  are  held  in  the  hands ;  and  it  must  be  a 
matter  of  practical  imiHirtaiice  that  each  person  should,  in 
taking  systematic  exercise,  keep  to  that  kind  which  does  not 
either  overweigiht  or  underweight  the  muscles. 


ClRCOMSTANCES   INFLCEKCINO  TUB  CUARACTKB  OF  MOSCUl^R 
AND  NBRVOOS  AcTIVITV. 

Th«  Inllti«nce  of  Slood-Snpply.  Fating.— Pig.  1H  shows  nt  n 
glance  ditrfn-nces  in  tii>'  iiirvi-s  nittdi-  by  a  contra^^ting  muscle 
snfFering  from  increa-sing  fatigue. 

SupiHise  that  in  such  a  case  the  blooal  had  been  witltheld 
from  the  muscle,  and  that  it  is  now  admitted,  un  almost  im- 
mrdiiite  effect  is  seen  in  the  natun<  of  the  contractions;  but 
uven  if  only  saline  solution  had  be«^'n  sent  thnmgh  the  vessels 
of  the  muaclo.  a  similar  cliuiige  would  have  been  notieeable. 
Wc  m.iy  fairly  concliido  that  the  bloixl  and  saline  remov<-d 
liomething  which  had  been  exercising  a  depressing  effect  on  the 
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vitality  of  the  tnii.'<c1e.    In  a  workini^  tnuacle,  like  all  living 
tUuiioii,  itieru  uro  inxjiJucteof  vital  fiction  liiii-tal>uli»iii)  lliat  urv 
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I'M.  IH.— namaof  •  iuiw-lv>-Dum«llun  In  iliRuniit  KCiMiiwof  rollHiic  (■Rf*  Yml.  il.  eon* 
■(MB  MdmV  «■■  tnvJi ;  II.  V.  I'.  K  i-nrh  ]ii«i  nfii-i  iiiiiiicli-  hiul  ainwdy  cnDUaelnl  Ivo 
bartIM  Unm.  XtK  allsralloa  in  InuiUi  of  Inlenl  prrlod  In  not  well  tmnuzlit  out  Id  Ihit 
IMCtlWft. 

poisonous^  We  have  already  Inarnerl  that  a  working  muscle 
geiieraleA  an  excess  of  carhonir  anhydriile,  and  something  wliirti 
gives  it  an  aciO  reaction :  Hn<l  tliat  it  uses  ti]i  oxyf^n  as  well  bh 
other  matters  derivulile  from  lilood. 

Fatigue  will  iK;ciir,  it  i!«  wdl  known,  if  tho  muxck-s  are  lUbd 
for  an  imletiititely  long  puriud,  nu  muttiT  how  favoriible  the 
bli)od-su|i)>ly — another  evidence  that  there  in,  in  all  proliability, 
some  cheniicHi  product,  the  result  of  their  own  activity,  depress- 
iug  them;  find  this  i«  rendered  all  the  moi-e  likely  when  it  is 
liMTDfld  that  the  injection  of  lactic  acid,  to  take  one  example, 
prodnces  effects  like  ordinary  fatigue. 

It  is  also  a  matter  of  rommon  experience  that  exercise,  while 
beneficial  to  the  whole  l)ody,  the  musi'lea  tnchnled,  as  shown  by 
tlioir  enlargement  under  it,  becomes  injurious  when  cai'ricd  to 
tho  point  of  fatigue. 

Wliy  the  u»e  of  tlio  rausclos  li  eondncivo  to  their  welfare  i» 
t  a  part  of  u  larger  queetion,  Why  duee  the  use  of  any  tis»ue 
improve  it  ^ 

When  the  nerve  which  supplies  a  muscle  is  Btimulated  its 
bloocl-ressels  dilate,  and  it  has  lieen  assumed  that  tlie  same 
hapjiens  wlien  a  muscle  contracts  normally  in  the  body;  and 
when  muscular  action  is  increased  there  is  a  corresponding 
augmentation  in  the  (pmntity  of  blooil  driven  through  the 
miuclos  in  n  given  |>eri(^,even  if  theiv  Ix-  no  actual  iucre-ase 
in  the  caliber  of  the  blooil-vei^sels,  for  tho  heart-beat  is  greatly 
accelerated. 

Btit  n-[io*iP  18  as  nteessary  as  exercise  for  the  grtvitest  (-ffecT- 
iveness  of  tho  muKcU^,  as  the  isperience  of  all,  and  e:<i>cci»lly 
athletes,  proves. 

That  the  nervous  Kvstem  plays  a  great  part  in  the  nutrition 
of  mtiseles  is  evident  from  the  fact,  among  countless  othera, 
that  it  is  not  possible  to  use  the  brain  to  its  greatest  cBpiwity 
and  the  muscles  to  their  fullest  at  the  same  time ;  tho  individual 
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eiiKaKed  in  physioal  "  training"  must  fore-jfo  aevere  mental  ap- 
plication. Nervons  energy  is  required  for  the  niUBcles,  and  all 
questinns  of  liluod-siipply  are,  ihouRh  ini]»ortant,  suliHjrdinate. 
But  it  woulil  be  premature  to  enter  into  ft  full  dincus-tion  of  this 
intorustiuf^  topic  now. 

Tho  imnsv  of  fatigiio  exixrioiiced  after  prulonftinl  miisculnr 
action  is  c-ompk-x,  though  tlu-rc-  can  l^i.-  uu  doubt  that  thu  nt<r\'c- 
centors  must  bu  Uikvn  into  account,  siucu  any  muscular  work 
that,  from  bt-Jiig  uiiiisiiiil,  rittjuirus  closor  attentinu  and  a  moro 
direct  influonoo  of  tJiL-  will,  is  wdl  known  to  hf>  more  fuliguing. 
On  the  other  hnud,  tho  accumulation  of  products  of  fatigue 
doubtless  rppnrts  itself  through  thi'  lociil  nervous  mechanism. 

Beparfttion  of  Utitclo  troia  the  Central  Kervou  Syttem. — When 
the  nerve  belonging  to  a  muscle  is  dividtMl,  certain  histological 
changeit  ensue,  which  may  be  brielly  described  aa  fatty  degetiera* 
tion,  followod  by  absorption ;  and  when  regeneration  of  tht> 
n«rv6-flber.'«  takes  place  on  appfwilion  of  the  cut  ends,  a  more 
or  losit  coniploto  restoration  of  the  functions  of  the  nervo  fol- 
lows, but  the  exact  nature  of  the  process  of  repair  is  not  yot 
fully  Kgrceil  ui>oii ;  it  seems,  in  fact,  to  vary  in  different  casus 
u»  to  delail^t,  though  it  is  likely  that,  in  instances  in  which 
there  is  a  complete  return  to  the  normal  functionally,  the  axis- 
cylinders,  at  all  events,  are  reproduced. 

The  degeuurutiou  downward  in  cumplute :  upward,  only  to 
tlie  first  node  of  Ranvier. 

Immediately  after  the  section  the  irritability  of  the  nerve  is 
iiurreased,  but  rajiidly  disappears,  from  the  center  toward  tho 
periphery  (Kittor-Valli  law). 

In  the  mean  time  the  muscle  has  been  suffering.  Its  irrita- 
bility at  first  diminishes,  then  becom«J8  greater  thou  usual  to 
slun'ks  from  I  be  make  or  break  of  the  constant  current:  but 
liiially  all  irritability  is  lo»tt,  and  fatty  degeneration  and  disap- 
pearance of  true  muscular  stnicturo  complete  the  history.  It 
is  theoretically  interesting,  lu;  well  as  of  practical  importance, 
that  degeneration  may  be  delayed  by  the  use  of  the  constntit 
current,  the  significance  of  which  we  have  already  endeavorotl 
to  explain. 

The  Influence  of  Temperature — If  a  decapitated  frog  )>e  plocetl 
in  wjiti-r  of  thi'  ordinary  temperature,  and  heat  Ih-  gra<lunlly 
upplied,  the  animal  d^)es  not  move  (proving  that  the  spinal  cord 
alouo  is  not  conscious),  hut  the  muscles,  when  49'  to  50°  C.  i» 
reached, contract  and  bocome  rigid, a  condition  known  as  "heat- 
rigor." 
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Thore  nro  Momo  iulviintafr(«  in  inv*-stigating  chanffps  in  tpm- 
IM-mlun*  hy  tho  grupliic  Diethoi].  Curves  fmni  a  muscle-nerve 
preparation  ehuw*  that  olovntion  "f  tvinperature  shortenit  the 
lAt4>nt  peri'wi  and  the  curve  of  contraction.  Lowering  the  tem- 
perature hag  nn  effect  exactly  oppijsite,  at  might  bi>  ^npiiOH^I, 
and  these  ehangen  take  pluco  iu  thu  niusckis  of  buth  co1(1-)>1oo(1lmI 
antl  warm-bloutUxl  uuimals,  ihou^L  vn>iv  marked  in  the  latter. 

Tho  modtficfttioni)  evident  to  the  eye  are  avcompaniod  hy 
others,  chemical  in  natui-e,  and  a  comiiarisou  of  these  shows 
that  the  rapidity  and  force  nf  the  muscular  contraction  run 
puntllel  with  the  rapidity  and  extent  of  the  chemical  changes. 

Certain  drugs  also  modify  the  form  of  the  muscle-^rurve  very 
gnmtly,  .so  that  it  a]i[iears  that  the  nioliiculnr  a<-lion  wliieh  un- 
derlioo  all  the  phenomena  of  muscle  and  nerve  [for  wluit  has 
beon  said  of  muxicle  applies  also  to  nerve,  if  wo  8tih«titute 
oorvuUH  impulse  for  eonti'tictioii)  can  go  on  only  within  those 
narrow  hounds  which,  one  realiz«<s  more  and  more  in  the  study 
of  phyt^iology.  iin*  set  to  the  activities  of  living  things. 

What  U  the  latimtte  Nature  of  Huwalar  and  Nervoai  Aotiont — 
The  answers  t4i  these  questions,  U*  which  some  allusion  has  lieen 
alrwuly  made,  are  by  no  means  certain.  Some  Mieve  that, 
sincfl  tho  nitrogeneous  vtnsU'  of  the  body,  if  judgt^d  by  tho  urea 
flf  the  urine.  i»  not  augnieutiil,  some  curbnhydrate  brwiks  up. 
which  would  be  in  accord  with  the  fact  that  the  gaseous  inter- 
ch&n^  of  the  body  generally  is  increased  during  exercise,  espe- 
cially the  excretion  of  carbonic  anhydride. 

Upon  the  whole,  however,  such  a  view  does  not  harmonize 
well  with  the  I>eliavior  of  pfotopla.«m  generally,  and  it  is  possi- 
ble to  conceive  of  other  iH-ocetwe.s  wliidi  would  give  rise  to  car- 
bonic anhydricie  and  fulditionivl  waste  pHMluct*. 

It  wi-ms  to  be  likely  that  the  muscle  pnttopUism  builds  up 
and  bnwks  down  tut  n  whole ;  that  this  is  com;tantly  going  on ; 
and  that  the  oxyuiyn  which  is  stored  away  (ititra-molecular) 
sulGces  for  imnieiliiite  use;  but  that  when  a  contraction  takes 
plat'O  all  the  dieniind  proceiues  are  heightened,  so  that  we 
may  conceive  most  naturally  of  the  various  aspects  of  muscular 
life  as  pha«)efl  of  a  wholv,  the  parts  of  which  are  cloaely  linked 
together. 

Another  unsettled  point  is  the  explanation  of  the  fact  that 
a  nerve,  when  stimulated  neai-er  the  nerve-center,  gives  rise  to  a 
more  marked  contniction,  with  the  same  stimulus  than  when 
excited  nearer  the  muscle. 

Some  suppose  that  the  change  tliat  In  a  norve  coastitutes  an 
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iinpulne  gathers  force  as  it  proceeds — the  nvnianche  theory  of 
PflQger ;  but  il  woulil  seem  more  natunil  to  refup  this  eir«;t  to 
Uio  t<reflter  irritability  of  the  nerve  ncftror  iho  <'onter». 

Tho  chemistry  of  (iead  nerves  tlirows  extromuly  Uttlo  light 
uo  t)u>  nature  of  nervous  )jru<M>»tus.  The  lattiT  lUwni,  in  fiu?t, 
to  be  ac<.'on]]iHriiij(l  by  obemical  chungcK  which  almost  entirely 
elude  our  iiielhiHiB  of  dotectiou  and  etitimatiou.  Relatively  to 
the  chemical  the  electrical  phenomena  are  predominant;  but 
nerve-force  is  not  electrical  force,  nor  ai-e  we  prepared  yet  to 
teach  tbat  it  is  the  etjuivalent  of  that  or  any  other  force  known 
to  us. 

The  fact  that  n  nerve  maintained  in  a  condition  approxi- 
mately uomial  may  be  utimulatu*!  fur  hours  without  exhaus- 
tion, has  led  some  to  adopt  thu  tempting  eouelusion  that  there 
are  no  invariable  chemical  accompumments  of  nervouH  excita- 
tion. But  in  this  and  all  other  instances  we  think  that  genera] 
principles  must  not  be  readily  sut  aside  by  6[)ecial  cases,  and 
we  should  oiir-ielves  hesitate  to  adopt  any  opinion  .so  contrnrj- 
to  <JI  tliat  is  known  of  organic  processes  >is  this  theory  implies, 
except  on  the  amplest  and  clearest  evidence;  and  wo  lay  the 
more  iitn<)is  on  this,  hecuusu  we  think  it  in  a  sample  of  the  sort 
of  reasoning  that  is  apt  to  bucomo  over-potent  with  those  that 
derive  their  conclusions  wholly  or  chiefly  from  laboratory  ex- 
periments, to  the  neglect  of  wider  observations,  which  put  the 
more  limite<l,  and  possibly  more  accurate,  ones  derived  from 
the  former  source,  in  a  truer  light,  and  enable  us  to  establish 
juster  relations. 


Unstriped  Muscle. 

This  form  of  muscular  ti-ssue  is  characterised  hy  its  long 
latent  (teriod,  itH  slow  wave  of  cimtraction,  tt.t  not  passing  into 
t^tatnus,  and  the  progress  of  the  contraction  being  in  either  a 
traiLSveriw  or  longitudiiml  direction,  a  wave  of  contraction  in 
one  eell  being  capiible  of  setting  up  a  corresi>ond)ng  wave  in 
adjoining  wdls  even  when  no  nervo-fibers  are  distributed  to 
them.  It  is  excit44d,  though  less  n-udily,  by  all  the  kinds  of 
stimuli  that  net  upon  striiM-d  muscle.  In  the  higher  groups  of 
snimalii  this  tissue  is  chiefly  confined  to  the  viscera  of  the 
chest  anil  alxlumen,  constituting  in  the  case  of  some  of  them 
the  greater  part  of  the  whole  organ. 

Tlie  slow  but  powerful  and  rhythmical  cnntrartion  of  this 
form  of  muscle  adaptij  it  well  to  the  jiart  such  organs  play  iu 
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the  ecnnoiiiy.  Tht-rp  itpo  vjirinlioiis.  Iiowfvor,  in  the  mpidity, 
fon^  r(>>;ul:trily,  Hiiil  utlior  iiunlitics  of  tht>  eoiitrAc-tiou  in  dlf- 
ttnui  [)Art«:  tliiis,  it  18  cornpnruti%-i.'ly  rapid  iit  the  iris,  (tnd  ox- 
trpinply  povrerfnl  itml  rogulnr  in  thv  utiTus,  wrving  to  produce 
thiit  proloiigi-d  yol  int^Tinittotit  prcstiuri'  t.-Ksi'ntinl  undvr  the 
circumiitanct's  (oxpulcion  uf  the  f<£tus). 

CompantiTC — MuKrular  contraction  U  relatively  .ilng^sh 
and  prolougpd  among  thd  invfirtt'bratps,  to  which,  however,  the 
niov<>nient  of  thn  wings  of  in.-wfl.s  is  a  marked  fxreption,  some 
uf  thvm  having  been  sliown  by  thv  gruphic  mothud  to  vibrat« 
sono  hittidruds  of  timtw  in  a  seeoad. 

The  slow  movutncnts  of  thp  snail  are  proverbial.  As  a  rule, 
thoatn-nglh  of  rliemu)u.-le<iof  the  invertebrates  is  incomparably 
greater  Ihau  that  of  vertebrates,  as  witness  the  powerful  grasp 
of  a  crab's  claw  or  a  beetle's  jaws. 

The-se  fact«  are  in  harmony  with  the  genemily  slow  metnb- 
olism  of  most  invertebrates  and  thv  lower  vcrti'bnites. 

The  muscles  of  the  tortoise  contract  tardily  but  with  great 
power,  resist  fatif^e  well,  retain  their  vitality  under  unfavor- 
able conditions,  and  after  dfvith  for  a  very  long  period  (days). 

Without  resorting  to  elnhornte  experiments,  the  student 
may  convince  himself  of  the  truth  of  most  of  the  above  state- 
ments by  observing  the  movements  of  a  water-snail  attflchecl 
to  n  gln»«  vc«Mul ;  the  nutv  iua<1e  by  the  bussing  of  an  insect, 
and  comparing  it  with  one  approaching  it  in  pitch  sounded  by 
some  instrument  of  music;  the  force  necwssnry  to  withdraw 
the  foot  or  tail  of  a  tortoise;  the  peri^itnltic  niovomonts  of  the 
intestine  and  other  organs  in  a  freshly  kiUotl  animal ;  or  the 
action  of  a  bee,  wasp,  or  wood-boring  beetle  on  the  cork  of  a 
bottle  in  which  one  of  them  mav  be  inclosed. 


SPECUL  CoNStDERATIONB. 

In  the  case  of  weakly  (phthisical)  persons  a  sharp  tap  on 
the  chest  will  often  produce  a  contraction  of  the  muscles  thus 
stimulated;  but,  in  addition,  a  local  eontraction  lasting  some 
little  time,  known  as  a  n'heat  or  idiO'muariilar  contraction,  fol- 
lows. This  phenomenon  seems  to  be  the  result  of  a  special 
irritability  in  such  mnsctes. 

(?ramp  may  arise  under  a  great  variety  of  circumstances, 
but  it  Moms  to  be  in  all  cases  either  a  complete  prolonged  U'ta- 
nus,  in  which  there  ia  unusual  muscular  shortening  in  severe 
oaaes,  at  leatit,  or  the  persistence  of  a  contraction  remainder. 
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TIio  grwit  difTereiicus  known  to  oxwl  Iwtwoon  individuals  of 
tho  «nmu  »ii«.-ci(ii<  iu  stn;i>glh,  vndiiniiKv,  llootiit>)is,  and  other 
[turtic-ulara  iii  which  tho  muskdus  uri'  cuncortiBd,  raise  numer- 
utia  intiTustiiig  iniiuirii'K.  Thu  build  of  the  Rtpyhound  or  rjiee- 
horse  suggests  in  itself  part  of  the  explanation  on  mechanical 
principlEiii,  lung  capacity,  etc.  But  when  it  in  found  that  one 
dog,  horse,  deer,  or  man  excels  another  of  the  aame  race  in 
Kwiftness  or  endurance,  and  there  is  nothing  in  tho  form  to 
furnish  a  solution,  we  are  prompted  to  ask  whetlier  the  mum-k-s 
may  not  oontriu't  more  finTguticully,  cxp«rionc«  a  Khort-c-niiig 
of  the  latent  jKTioii,  or  olhur  phA:«e  of  coutrat'tiou ;  or  wht'llu-r 
they  produce  leas*  of  waste-products  or  get  rid  of  them  more 
nipi<lly.  Tliu  whole  subject  is  extremely  complicated,  and  we 
miiy  Miy  here  thiit  there  is  some  uvideuce  to  show  that  in  rar^B 
uf  dogs  and  other  animals  which  surpass  their  fellows,  the 
nerve  regulating  the  heart  and  lungs  (vagus)  has  greater  power ; 
1ml,  leaving  this  and  much  more  out  of  the  account,  it  is  likely 
there  are  individual  differences  iu  the  functional  nature  of  the 
muscle.  Of  equal  or  more  importance  is  the  energizing  influ- 
ence of  the  ner\-ou8  system,  which  prohably  under  great  escit«- 
meut  (public  boat-rat^es,  etc.)  acta  to  produce  in  man  tho«to 
supermaximal  contractionB  whtch  seem  to  leave  the  muscle 
long  the  worse  of  its  unusual  action.  The  nerve-centers,  it  is 
liltely.  sufTcr  still  more  from  excessive  discharge  of  nervf-foroo 
(as  we  mity  speak  of  it  for  tho  present)  necussary  to  originate 
the  muscular  work.  Hducv  the  importance  of  training  to 
minimise  the  non-effective  expenditure,  ascertain  the  capacity 
piissessed,  learn  the  direction  in  which  weaknesses  lie;  and 
etjually  important  the  much-neglected  period  of  rust  before 
actual  contest.i— if  such  are  to  be  undertaken  at  alt — so  that 
all  the  activitiEVt  of  the  body  may  gather  head,  and  thus  be 
prepared  to  meet  the  unusual  demand  upon  them. 

r/n?  law  of  rhythm  in  organic  naturo  is  beautifully  illiis- 
tratod  by  the  behavior  of  nerve  and  especially  muscle:  at  least 
it  is  mure  obvious  in  the  case  of  muscle,  at  this  stage  of  our 
progress. 

The  regularity  with  which  one  phase  succeeds  another  in  a 
single  contraction :  the  essentially  rhrthmic  (vibratory)  char- 
acter of  tetanus,  fatigue  and  recovery ;  the  recurrence  of  in- 
crease and  decrease  in  the  muscle  and  nerve  currents — in  fact, 
the  whole  history  of  muscle  is  an  admirable  commentary'  on 
the  truth  of  the  law  uf  rhythm,  into  which  in  further  detail 
space  will  not  [lermit  us  to  enter. 
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It  is  It  n-iiuirknblo  fiict  thiit  tliu  i^ndiiranot-  of  man,  especially 
civiliztiii  mnn,  avutus  tu  bv  ^nvitor  tbiiu  thut  uf  suy  uther  uiam- 
mat.  It  may  b»  huzanluuK  to  i>xi>rct>tt  a  dugmatic  opiaion  as  tn 
the  reason  of  this,  but  tbe  induonce  of  the  mind  ovpr  thp  body 
is  unquestionably  greater  in  man  than  itt  aiiy  other  animal : 
and,  if  we  are  correct  in  aKsif;niii>{  bo  much  importance  to  the 
inHuencf  i>f  the  Jicn^us  syhtem  in  maintaining  tho  propter 
mulwular  bnUnce  which  is  at  the  foundittion  of  tliv  higbest 
good  of  un  orgnnisiii,  we  certainly  Ihink  thnl  it  is  in  t)ns  din-c- 
tion  we  must  I'Mik  for  the  exjilnniiLiun  of  thu  nbove-moiilioui-d 
fact,  and  much  more  that  would  otht-rwiso  be  obBcuro  in  mau*s 
fuDCtiunal  lifi'. 

Faiutluud  VariAtlou. — Wo  liavo  endeavored,  in  treating  this 
fiubject  of  muscle,  to  point  out  how  the  phenomena  varj-  with 
the  animal,  the  kind  of  muscle,  and  the  circumstances  tinder 
which  Ihey  are  manifested.  It  may  be  shown  thai  every  ono 
of  thft  iiualities  which  a  mnscli'  possesses*,  vftries*  with  the  teui- 
pi-raturo.  thi^  bltHxl-^^upply.  thv  duration  of  its  action,  thu  char- 
act^T  uf  iho  stimulus,  and  other  modifying  agonti^  Not  only 
are  thenf  gntit  vHriiUion»  fur  difTurent  groupit  of  tinimaU,  but 
leeeor  ones  for  individual!) ;  though  the  latter  are  made  more 
evident  indirectly  than  whon  tested  by  thu  usual  lalioratory 
methods ;  but  they  must  bo  taken  account  of  if  we  would  un- 
derstaQ<l  animals  as  they  are.  Some  of  these  will  be  refen-ed 
to  later. 

If  a  mnscle-oell  bo  regnrdwl  in  the  aspect  that  we  are  nnw 
emphasizing,  ita  fttui]y  will  Ivnd  to  impress  tlioso  fundanit-ntal 
tnologicMl  laws,  the  comprehension  of  which  in  of  mure  impor- 
tance than  the  ncciuiuitiou  of  any  number  of  fiii-ta.  which,  how- 
ever int«ru«ting,  can,  wbcu  ixuluted,  profit  littlc^ 

Expi'riment  has  not  done  much  directly,  and  it  »C(.'ms  can 
not  at  prost-nt.  for  the  physiology  of  man,  though  more  may  be 
accomplished  as  regards  muscle  and  nerve  than  some  other 
tissaes.  It  is.  of  course,  possible  to  measure  the  rapidity  of 
tlie  passage  of  a  nervous  im]mlse  and  to  study  electrical  phe- 
nomena generally  to  some  extent.  Putting  all  that  is  known 
together,  it  would  appear  that,  without  referring  to  minor  dif- 
ferences which  unquestionably  exist,  the  muscle  and  nerve 
physiology  of  man  corresponds  pretty  closely  with  that  of  one 
of  till)  highe«tt  mammals,  and,  as  compared  with  the  lower  ver- 
tDbralas,  hi.s  muscles  ajid  nerve-s  possess  an  irritability  of  a 
wry  I'saltt^l  typi*.  with,  howwer.  a  corresponding  loss  or  dif- 
fertocc  ill  other  <lirectionii. 
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Buusax;  of  Uie  Phyviolo^  of  Xosole  and  Herre. — The  tnnre- 
nieiiti'  of  a  muftclc  am  ilifltin^tiislicd  fnmi  tho^o  of  otlier  forms 
of  proloidasm  l>y  Umr  tnarkot)  (1<.-Iiiiiu>tii.-Mij  and  limitation. 

Tho  cuiitniction  of  n  mu»clv-filK>r  (coll)  results  ia  an  increattv 
in  it«  short  triitisverso  iliaiitotvr.  and  a  diminutiou  of  iti*  loug 
diaratitpr,  without  mjiirm-iablo  chan^o  in  its  total  hulk, 

Musple  and  ncrvu  aru  not  aiitomatif,  hnt  are  irrit»bl<\ 
TlioH^h  nniacle  noi-iDEiUy  receives  it»  8timiilu»  through  a  nerve, 
if  jiosst'sses  independent  irritability. 

Stiuiiili  may  lie  mechanical,  (■IWniicAl.thenual.^.iluCtricBl.and 
in  tho  caw  of  muscle,  nervous:  and  to  be  effwtive  they  muBt 
l>e  applied  suddenly  nnd  Inst  for  n  brivf  but  appreciable  time. 

Kle<?trical  stimulation,  especially,  ix  only  effective  when 
there  ia  a  sudden  chanije  in  the  force  or  direction  of  the  cur- 
rents.   Thi»  applies  to  both  muscle  and  nerve. 

A  mu.'^cular  contraction  consLits  of  three  phoseR:  tho  lat«nt 
period,  the  poriorl  of  rising,  and  the  period  of  falling;  energy, 
or  of  contraction  and  relaxation. 

When  tho  phase  of  relaxation  is  minimal  and  that  of  con- 
traction approaches  continuity,  a  tetanuit  reinilts.  The  contrac- 
tions of  the  muflcles  in  »itu  are  tetanic,  and  are  accompanied 
by  a  low  sound,  evidence  in  itself  of  their  vibratory  character. 

The  prolonged  contraction  of  a  muscle  leads  to  fatigue; 
owing  in  part,  at  least,  to  the  arcnmnlation  of  waste-products 
within  the  muscle  which  depress  its  energies. 

This  is  a  necessary  consequence  of  the  fuel  that  all  proto- 
plasmic activity  is  accompanied  by  chemical  change,  and  that 
some  of  these  processes  result  in  the  formation  of  products 
which  are  hurtful  and  are  usually  rapidly  expelled. 

Muscular  contraction  is  accompanied  by  chemical  changes, 
in  which  the  formation  of  carbon  dioxide,  and  some  snbstnnce 
that  causes  an  acid  reaction  To  take  the  place  of  an  alkiditie  or 
noutrnl  one.  Since  free  oxygen  is  not  required  for  tho  act  of 
contraction,  but  is  still  used  up  by  a  contracting  muscle,  it  may 
be  asi^umed  that  the  oxygen  that  plays  a  part  in  actual  con- 
traction is  intra-moleciilar. 

Chemical  changes  are  inseparable  from  the  vital  processes 
of  all  protoplasm,  and  the  phenomena  of  muscle  show  that 
they  are  constantly  in  operation,  but  exalted  during  ordinary 
contraction  and  that  tetanic  condition  which  precedes  and 
may  end  in  coagulation  of  muscle  plasma  and  the  formation  of 
myosin,  The  latter  is  n  result  of  the  disorganization  of  muscle, 
and  has  points  of  reaemblauee  to  the  coagulation  of  tbc  blood. 
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The  contraction  of  »  inuM'le,  and  the  jinasago  of  a  nervous 
impulne,  are  a(-ooni|innie<I  liy  elerlrical  ctiangotf.  Whether  cur- 
renU  oxUt  in  uninjured  muttcleand  nerve  is  »  matter  uf  coa- 
trovcnty.  All  i)byHiuIi>gieit»  agree  ttml  llic-y  exist  in  muBtle 
(ami  n'ri-%'t>)  during  fiincttunul  ttctivily.  This  vk'ctricul  condi- 
tion 18  tormetl  the  "  nogntive  vuriutiun"  by  tho»e  believing  in 
rarrvnt«  of  ro«t,  and  the  "  cunt'nt  of  actiuu  "  by  those  holding 
uppDfitte  opinions.  The  current  in  of  momentary  duration,  and 
is  manifested  during  the  lat«nt  period  of  muscle,  in  which  also 
the  chemical  change  take  place;  bo  that  a  muscular  contrac* 
tion  mnat  be  reganled  as  the  outcome  of  the  events  of  the 
Intent  |">ri'id,  which  is,  tlmn-fon*,  though  the  shortest,  the  most 
important  of  thu  pliu-ses  of  u  musi^ulur  coutiuctiun. 

During  the  paaaige  of  a  constant  (polarizing)  current  from 
a  ItatU-ry  through  a  ncrvi.',  it  undergouii  :i  change  in  its  irrita- 
bility and  shows  a,  variation  in  the  ek-ctro-motivu  force  of  the 
ordinary  norve-curn.'nt  (elect  roton us).    This  fact  is  uf  thera- 

itic  importance.  The  electrical  phenomena  of  nerve  are  alto- 
ther  more  prominent  than  the  chemical,  the  reverse  of  which 
tme  of  muscle.  The  activity  of  a  niuwle  {and  nerve  prolm- 
lity)  is  n«^xin)pianie<I  by  the  genenitioa  of  hcAt,  an  exaltation  of 
which  Inkvs  place  during  muscular  contraction. 

Riijur  mortis  causes  an  increase  in  ti'inpcruturu  luid  the 
chemical  interchanges  which  accomimay  thy  other  phcuomona. 
A  muscle  may  also  become  rigid  by  passing  into  rigor  caloris. 
Living  mnsrle  is  trauplu<'ent,  alkaline  or  neutral  in  reaction, 
and  elastic;  dead  mu-*ilp,  opatpie,  acid  in  reaction,  and  devoid 
of  alasticity,  but  firmer  than  living  muscle,  owing  to  coagula- 
tion of  the  niiDtcle-pltiRina,  Dead  nerve  undergnes  similar 
change*. 

The  elasticity  of  mus>cle  is  restricted  but  perfect  within  its 
own  limits.  It  differs  from  that  of  inorganic  bodies  in  that  the 
increments  of  extension  are  not  directly  proportional  to  the  in- 
rrementii  of  the  weiijht.  When  overstretched.  iHUsck'  dues  not 
return  t«>  its  original  length  (loss  of  elasticity},  hence  the  serious 
nature  of  sprains. 

It  is  important  to  regard  muBcular  elasticity  as  on  expras- 
Mcin  of  vit.il  propf-rtiea. 

The  work  done  by  a  mu-scle  is  ascertained  by  multiplying 
the  Icnil  lifte<l  by  the  height;  and  the  capacity  of  an  individual 
mmtcle  will  vary  with  its  lenglh,  the  arrangement  of  its  fibers, 
nod  the  ar^-n  of  its  crosw-sectiuu  (i.  e..  on  the  number  of  fibers). 

The  work  done  may  Iju  regarded  as  a  function  of  the  resist- 
14 
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ADce  (load),  as  tho  contraction  is  also  a  function  of  the  stimulus. 
Tfas  soparution  of  a  rauflcle  from  it.s  iiorvo  by  itoction  of  Iho  ]at' 
t*r  Itfuds  to  WTtaiu  cliangos,  mui^t  riipid  in  the  nt'r%"f,  wiiich 
sliow  that  tho  two  ari>  »o  related  that  prulongcd  indvpendent 
vitality  of  the  muscle  is  impoBsiblc,  and  make  it  highly  proba- 
ble that  muscle  is  c^fiis/nntly  rec-L'ivintj  some  beneficial  »timuluR 
from  nerve,  which  is  exalted  and  manifest  when  contraction 
takes  place. 

The  study  of  tho  development  of  the  electrical  cells  of  cer- 
tain fishes  shows  that  they  are  gi-eatly  modified  mu^chrs  in 
which  contractility,  etc.,  has  been  exchanged  for  a  very  decided 
exaltation  of  electrical  properties.  It  is  likely,  though  not 
denionstratfrd,  that  all  foi-ms  of  protoplasm  undergo  oUwtriciil 
chaogea — that  these,  in  fact,  tike  chemical  phenomena,  aro  vital 
constantii. 

The  phasesuf  the  contraction  of  smooth  muttcular  tissue  are 
all  of  longer  duration ;  tho  contriurtiou-wave  passes  in  ilifferL-nt 
directions,  and  may  sprenil  iiit<j  cells  devoid  of  nerves,  which 
we  think  not  unlikely  also  to  bo  the  case,  though  lesjt  ao,  for  all 
forms  of  muscle. 

The  smfMith  muscle-cell  must  be  regarded  as  a  more  primi. 
tive,  less  specialized,  form  of  tissua  Variations  in  all  the  phe- 
Domeiui  of  muscle  with  the  animal  and  the  circumstances  are 
clear  and  impressive.  Finally,  muscle  illustrates  an  evolution 
of  structure  and  function,  and  the  law  of  rhythm. 


THE  NERVOUS  STSTEM.-GENEEIAL  CONSIDEEATIONS. 

Since  in  the  higher  vvrtehrut'es  tho  uorvous  system  ifl  domi- 
nant, reguliiting  apparently  every  process  in  the  organism,  it 
will  be  well  before  proceediiig  further  to  treat  of  some  of  its 
functions  in  a  general  way  to  a  greater  extent  than  we  have  yot 
done. 

Uaiiifostly  it  must  be  highly  important  that  an  animal  shall 
bo  able  to  place  itself  bo  iu  rolatiou  to  its  surroundings  that  it 
may  adapt  itself  to  them.  Prominent  among  the«&  adaptations 
arc  certain  movements  by  which  food  is  secured  and  dnugers 
avoided.  The  movements  having  a  central  origin,  a  peripheral 
mechanism  of  some  kind  must  exist  so  as  to  place  the  centers 
in  connection  with  the  outer  world.  Passing  by  the  evolution 
of  the  nervous  system  for  the  present,  it  ia  found  that  in  verte- 
brates generally  there  is  externally  a  moditicatiun  of  the  epi- 
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illal  covmny  nf  the  txuly  (fnd-aryan)  in  wliioh  n  ncrvo  tcr- 
i1iiatc»,  which  hitter  may  )»>  ti'»n«cl  to  it  coll  or  cqWh  rumovotl 
from  the  surfiwM  {ernter).  nnil  from  vliich  in  most  cases  other 
.-OS  procoucl. 

Tho  nervous  s^'stom,  we  may  remind  the  otudont,  consiats  in 
rertebrates  of  centers  in  which  nwrve-cclh)  abound,  united  by 
nerve-fibpr«  and  by  the  most  delicate  form  of  connective  tissue 
IcDown,  in  connection  with  which  there  are  incHsed  strands  of 
protoplasm  or  nerves  as  out^^rowths.    The  main  centers  are,  of 

rse,  aggregated  in  the  brain  and  spinal  cord. 

It  is  possible  to  conceive  of  the  work  of  a  nervous  system 
carriiul  on  by  nttingleccU  and  an  afferent  and  efferent  n«r^-c; 
but  inasmuch  as  such  an  an'ungomcnt  would  imply  that  the 
central  coll  should  act  the  part  of  both  receiving  and  origi- 
nating impulses  (exc«'pt  it  were  a  mere  conductor,  in  which  case 
there  would  be  no  advantage  whatever  in  the  existence  of  a  cell 
at  all),  according  to  the  principle  of  the  physiological  divisioa 
of  lalMir,  we  might  ex[)ect  tliat  there  would  be  at  least  two  cen- 
tral cells — one  to  receive  and  the  other  to  transmit  impulses — 
or  at  leASt  that  there  should  be  some  sjiecialization  among  the 
central  cells;  and  we  shall  have  good  reason  later  to  lielievo 
tliat  this  ttas  reached  a  surprising  degree  in  the  highest  ani- 
mals. 

Moreover,  it  would  be  a  great  advantage  if  the  turuiiuatioa 
of  the  ingoing  (afferent)  uervu  should  not  lie  exposed  on  the 
surfaco.  bul  be  ppolectwl  by  sumo  form  of  cell  that  hwi  iilso  tho 
power  to  Intnsmit  to  it  the  imprt-wions  received  fi-om  without, 
in  a  form  Kuitablo  to  the  nature  of  the  nerve  and  the  needs  of 
the  organtsn). 

80  that  a  complete  mechanism  in  its  simplest  form  would 
fumiiih ;  1.  A  peripheral  cell  or  nerve  end-organ.  S.  An  affer- 
ent or  sensory  nerve.  3.  Two  or  more  central  cells,  4.  An 
efferent  nerve,  usually  connected  with — ft.  A  muscle  or  other 
form  of  cell,  tho  action  of  which  may  be  modiBed  by  the  i)ut> 
going  nerve,  or,  as  we  should  prefer  to  say,  by  the  central  nerv- 
ous cells  thniugh  the  efferent  nerre.  Tlie  advantages  of  the 
principal  colls  tming  within  and  pnitected  are  obvious. 

When,  then,  an  impression  made  on  the  peripheral  cell  is 
carried  inward,  there  modified,  and  results  in  an  outgoing  nerv- 
ous impnlse  unswonng  to  the  nfferent  one,  giving  rise  to  a  mus- 
coh»r  contraction  or  other  effect  not  confined  to  the  recipient 
calls,  the  process  is  termed  reflex  aciion. 

Tho  great  Mxe,  the  multiplicity  of  forms,  the  distinct  out- 
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line  nti'l  Im-go  micloi  of  nprvp-cflls,  suggost  tlio  pr<il>al)ility 
that  tliuy  play  n  vory  important  i»art,  and  such  is  found  to  l)e 
tfap  csbC'.  Indt'cil,  in  »oit\p  spnse  tlie  rest  of  the  nervous  system 
may  Im  said  to  i.-xist  for  thf-ni. 

Pritlnvbly  nurviT-ci<]|«  ilci  itomctinies  act  a»  mere  conductors 
of  nervous  impulsus  originnting  et»ewliero,  but  such  is  their 
lowest  function.  Accord  I  ugly,  it  in  found  that  tlia  natur*"  of 
any  rcflpx  action  duiH<nds  must  of  nil  on  tlio  bvhavior  of  the 
control  Cftils, 

It  can  not  be  too  well  Iwme  in  mind  that  nerves  are  con- 
ductors and  such  only.    They  nev^r  orifi^nate  impuLsen. 

Tiio  propiTticsconsidoreil  in  the  last  chaiitfr  are  common  tn 
all  kinds  of  uvrvcs  known ;  and  though  wi>  must  concc>ivu  that 
there  are  some  diflferences  in  the  form  of  impulses,  these  are  to 
I>i-  traced,  not  to  the  nerve  primarily,  but  to  the  organ  in  which 
it  ond»  peripherally  or  to  the  central  cells. 

To  return  to  reilex  action,  it  is  found  that  the  muscular  re- 
Bponeo  to  n  peripheral  irritation  vai-ieR  with  the  i)oint  stimu- 
luted,  the  intensity  of  the  stimulus,  etc.,  hut  is,  above  all,  de- 
tei-uiinod  by  the  central  ceils. 

Nerve  influence  may  be  considerod  as  following  lino-t  of 
loA8t  resistance,  and  there  ift  much  vvidoncc  to  »how  that  an 
impuliu)  having  unce  taken  a  certain  path,  it  is  easier  for  it  to 
pass  in  this  diitiction  a  sucond  lime,  so  that  we  have  the  founda- 
tion of  the  laws  of  habit  and  a  host  of  interesting  phenomena 
in  this  simple  principle. 

It  is  found  that,  in  a  frog  deprived  of  its  brain  aud  sus- 
pended by  the  under  jaw,  there  is  no  movement  imlees  some 
stinuiliis  be  applied ;  but  if  thin  be  dtmo  under  suitable  condi- 
tions, instnictivo  results  follow,  which  wo  now  proceed  to  indi- 
cate hriotiy.  The  experiments  are  of  a  simple  character,  which 
any  student  may  carry  out  for  himself. 

£xperimeBtaL^Pre]mring  a  frog  by  cutting  off  the  whole 
of  the  upijer  jaw  and  bvain-case  after  momentary  anmsthosia, 
suspend  the  animal  by  the  lower  jaw  and  wait  till  it  is  perfect- 
ly quiet.  Add  to  water  in  a  I>eakor  sulphuric  acid  till  it  tast«ti 
distinctly  but  not  strongly  sour,  to  ho  used  as  a  stimulus,  I, 
Apply  a  small  piece  of  bibulous  paper,  moistened  with  the  acid, 
to  the  inner  part  of  the  thigh  of  the  animal.  The  leg  will  be 
drawn  up  and  the  paper  probably  i-emovwl.  Remove  the  paper 
and  doanse  the  si>ot.  i.  Apply  a  similar  piece  of  pajter  to  the 
middle  of  the  abdomen ;  one  or  both  legs  will  probably  bo 
drawn  up,  an<l  vipe  olT  the  offending  body.    3.  Let  ih«*  foot  of 
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the  fr<ig  hiinjt  in  Ihc  liqniil ;  iifttT  a  few  iiiomeiits  it  will  )« 
wil hdniwit.  4.  R«]KtAt',liulc)itiK  the  leg;  imibably  llieoiUor  Wg 
will  )k}  drawn  up.  5,  Apply  stronger  acid  to  the  itiitido  of  the 
right  thigh;  thv  whoU«  frog  miiy  bo  couviilsed.  or  tho  left  log 
tu»y  1m-  put  ill  action  iiftor  llu'  right.  Evkii  if  tho  i^timnlutiiig 
paper  bo  applied  near  thpanus,  it  will  be  rumovwl  by  the  liind- 
legflL  6.  Beneath  the  skin  of  the  back  (posterior  lyniph-»a<r) 
inject  a  few  drops  of  liquor  strj'chnire  of  the  pharmacupteia ; 
after  a  few  miiiut^i*  apply  the  tianie  .nnrt  of  RtiinuluH  to  th« 
thigh  as  before.     The  eflccts  follow  more  quickly  and  attt 
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Fid.  IW  — DkaCkiii  iDlmdeil  lo  QlustruTt?  niTvoiw  nirclianiam  of- 1,  miUifiiatEiini :  S.  rvlkdl 
Mliga  :  luid  a.  hnv  imtioiiii  lu|iula«  lu  [tiv  IntUtr  tiw-  i»b]'  pnat  M»  llw  hlitbn'  put*  of 
Hv^  And  ti^^oma  part  of  onmtriDUamvi.  or  bf  wliLilly  Inhitiifnl.  A  (vlln  nr  mir/MTMklhj 
onCfT  mar  fcr  Un  aUw  of  diiitilidly  hpralimiJ  Ion  hiukIi' vll,  lusbotv  on  llich-rt. 

otuch  more  marked — the  auiuinl,  it  may  t>o>,  passing  intua  gt-n* 
eral  tetanic  sposui. 

Those  eiperimonts  may  be  varied,  but  sufliL-e  to  establish 
the  following  roncluxions:  1.  The  stinnilua  is  not  immediate- 
ly cffwtivf.  but  rfc[uin's  to  act  fur  a  certain  variable  i«>riod, 
dupeiiiling  cbielly  on  the  condition  of  the  central  nervous  sys- 
tem, i.  The  movements  of  the  muscles  Iiannonize  (are  co-onli- 
iuIm}),  and  tend  to  accomplish  some  end — are  purposive.    If 
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the  nerve  alone  and  not  the  skin  l>u  slimulatpd,  there  may  be  a 
spasm  only  and  not  adaiJtive  movement.  3.  Norvoiuj  impulses, 
when  very  a)>un(lant,  may  (laes  along  unaccustomed  or  leea  ac- 
customod  paths  (experiments  4  and  A),  This  is  sometimes  spokcu 
of  as  the  radiation  of  nervous  impulses, 

Th«  sixth  exiieriment  is  very  iuiporUnt,  for  it  show*  thiil 
thtt  riiiult  vuriws  fur  iiiun-  with  the  cundilion  of  the  uervous 
centers  (cells)  tliau  the  stimulus,  the  part  escitetl,  or  any  other 
factor. 

Antomatiuo. — But,  seeing  that  thetie  central  cells  have  such 
independence  and  controliiiiK  power,  the  question  aHues,  Are 
those,  or  are  there  any  such  cells,  capable  of  oriKinating  im- 
pulses in  nerves  wholly  indi-pi'udent  of  any  stimulus  from 
without  ?  In  other  words,  have  the  m'rvo-centers  any  true 
automatism  ?  Apparently  this  quality  is  manifested  by  uni- 
cellular organisms  of  the  rank  of  Amusba.  Has  it  lieen  lost, 
or  has  it  liet'ome  a  si>ecial  characteristic  deveit:i]KKl  to  a  high 
degr<*e  in  nervt^-cells  ? 

We  shall  present  the  facets  and  the  opinions  hnsod  on  them 
as  held  by  the  majority  of  pliysiulogi:«ts.  ivserving  our  own 
criticisms  for  another  occasion :  1.  The  medulla  oblongata  is 
supposed  to  be  the  seat  of  numerous  small  groups  of  cells,  to  a 
large  extent  inde[)endent  of  each  other,  that  are  constantly 
sending  out  nervous  impulses  which,  proceeding  to  certain  seta 
of  muscles,  maintain  thnn  in  rhythmical  action.  One  of  the 
best  known  of  tlioHO  centers  i-t  the  respiratory,  'i.  The  poste- 
rior lymph  hearts  of  the  fi-og  are  supplied  by  nerves  (tenth 
pair),  which  are  connected,  of  course,  with  the  spina]  cord. 
When  these  nerves  ai-e  cut,  the  hearts  for  a  time  cease  to  beat, 
but  later  resume  their  action.  3i,  The  heart  bents  after  all  its 
nerves  are  cut,  and  it  is  removeil  from  the  body,  for  many  houi-s, 
in  colci-bhioiiiil  animals.  4.  The  contractions  of  the  intestine 
tjike  place  in  the  absence  of  food,  and  in  an  isolated  piece  of 
the  gut.  The  intestine,  it  will  be  remembered,  is  abundantly 
supplied  with  norve-eiements.  .'5,  In  a  portion  of  the  ureters, 
from  which  it  is  believed  norve-colU  aiv  alNient,  rhytlmiicnl 
action  takes  place. 

Conduitoni, — 1.  Whether  the  aL-ti<jn  of  the  respiratory  and 
similar  centers  could  continue  in  the  absence  of  all  stimuli  can 
not  Iw  considered  as  determined.  2.  That  there  are  regular 
rhythmical  discharges  from  the  spinal  nerve-cells  along  the 
nerves  to  the  lymjih  hearts  seems  also  doubtful.  3.  Later  in- 
veitligalions  I'ender  the  auloniaticity  of  the  heart  more  uuoer- 
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tain  than  over,  so  that  the  resalt  stated  above  (3)  must  not  bo 
Intfrprvtwl  t<>«>  riijidly. 

Similar  doubts  bang  about  tho  other  ctuws  of  nppnrerit  ftu- 
tumutism. 

As  re;;ariiB  the  various  comparatively  iuulnU'd  collectionB  of 
cells  known  as  ganglia,  tbe  evidencu,  so  fur  as  it  goee,  is  a^inst 
tbeir  [tossettsiug  either  automatic  or  retlex  actioa;  and  new 
Tiows  of  their  nature  will  be  presented  in  due  course. 

Hervotu  Inhibitton.  —  If  tbe  pneumogastric  iii^i'vv  pa^ng 
frum  thu  uiihIiiUu  to  the  heart  of  vertebrates  he  divided  and 
tbe  lower  (peripberal)  end  stimulated,  a  decidvd  cbaiigo  in  tho 
action  of  tho  buirt  follows,  which  may  bo  iu  tbi-  diroctioo  of 
weakeains  <>r  slowiug,  ur  poiiiitivL'  urrtii^t  of  its  action. 

Assuming;,  for  the  prespnt,  thai  tho  cells  (center)  of  the  me- 
pUlla  have  the  power  to  bring  about  the  same  result,  it  is  wen 

t  such  nervous  intiuence  is  jiroventive  or  inhibitory  of  the 
normnl  cardiac  beat,  so  that  the  vajfus  is  termed  an  inhibitory 
nerve.  Such  inhihition  pUiys  a  very  important  part  in  the 
economy  of  the  btghor  animals,  as  will  become  more  and  more 
evidi-nt  us  we  prucwd.  Tlie  untiiro  of  the  influoncea  that  pro- 
duce such  rL-iiiarl(ublu  result^i  will  bo  diwtusod  wheu  wu  triHtt 
of  the  heart. 

An  illustration  will  probably  serve  in  the*  mean  time  to  malre 
the  meaning  of  what  has  been  presented  in  thi»  chapter  more 
dear  and  readily  grasped. 

In  the  management  of  railmndit  a  very  great  variety  of 
compliuated  results  are  brought  about,  owing  to  system  and 
orderly  arrangt'mcnt,  by  which  tho  witdies  of  the  chief  mana- 
ger are  carried  out. 

Telegraphing  is  of  necessity  extensively  employed.  Sup- 
))Ose  a  message  to  Jjp  conveywl  from  one  ofKce  to  another,  this 
may  (1)  simply  pass  through  an  iiitpi-niediate  office,  without 
spooial  cognizance  from  t  he  operator  in  charge ;  (2)  the  operator 
may  receive  and  transmit  it  unaltered  ;  (;))  he  may  be  required 
to  send  a  mettsage  that  shall  vary  from  the  one  he  recieives  in  a 
gr«at<i>r  or  less  degree;  or  (4)  be  may  arrest  the  command  alto- 
gether, owing  to  tho  facts  which  he  nlouo  knows  and  iijjon 
which  he  is  empowered  always  to  act  tbcconling  to  his  bi'St  dis- 
cretion. 

In  tho  first  instance,  we  have  an  analog)-  with  the  passage 
of  a  nervous  impulse  through  central  fibers,  or,  at  all  events, 
ttuiffpcted  by  cells ;  in  the  seeond.  tlie  resemblance  is  lo  cells 
acting  as  conductors  merely;  in  the  third,  to  the  usual  l^ehavior 
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of  the  cells  in  rcflox  action ;  and,  in  the  fuurth,  we  have  an  in- 
stance of  inhibition.  The  hitter  nmy  almi  \n>  remJere"!  clear  by 
the  case  nf  a  horse  and  its  rider.  The  hoi'se  is  controlle*!  by  the 
rider,  who  may  be  compared  to  the  center,  through  the  reins 
Huswerin^  to  the  nerves,  though  it  is  not  pofwiWe  for  either  riiier 
or  rein«  tn  oriKiniite  llie  ntovenient,i  of  tlie  nniinal.  except  a» 
thoy  nmy  be  istiniuli,  which  latlcr  are  ouly  effwtivo  when  there 
are  .suitable  conditions — when,  in  fact,  the  subject  in  irritable 
in  the  (ihysiological  senxe. 


THE  CIBCULATION  OF  THE  BLOOD. 

Every  tisi^ue.  every  cell,  refjulrin^  cuiist^tnt  nourishmeut, 
some  moans  must  necusKurily  have  been  provided  fur  the  eon- 
veyance  of  tho  b]ou(l  to  all  parts  of  the  orfianism.  We  now 
enter  upon  the  consideration  of  the  mechanismB  hy  which  this 
is  accomplished  and  the  method  of  their  re^ulalion. 

L^  UB  consider  possible  mechanism.i,  and  tlien  inquire  into 
their  <lorects  and  the  extent  to  which  they  are  found  enibo<liud 
in  nivture. 

That  there  must  be  a  central  pump  of  »ome  bind  is  evident. 
AssDine  that  it  is  one-chambered .  ami  with  an  oiitflow-pipo 
whieh  i»  continued  to  form  nn  iiifl"w-pij)e.  This  might  be  pro- 
vided with  valves  at  the  upeningu,  by  which  energy  would  be 
saved  by  the  prevention  of  regurgitation.  In  itucb  a  system 
things  must  go  from  bad  to  worse,  as  the  tissues,  by  constantly 
using  up  the  prepared  material  of  the  blood,  and  adding  to  it 
their  waste  products,  would  effect  their  own  gradwil  starvation 
and  poisoning. 

It  might  he  conceived,  however,  that  wa«t.e«t  all  events  wm 
got  rid  of  by  the  blourl  being  conducted  llirougli  somo  elimi- 
nating organs ;  and  assume  that  one  sucli  at  least  Is  sot  aside 
for  respiratory  work.  If  the  Idood  in  its  course  anywhere 
pcuasod  through  such  orguns,  t)iu  end  would  be  atlained  in  some 
degree;  but  if  the  division  of  labor  were  considerabie,  we  should 
suppose  thai,  gaseous  interchange  being  so  very  im]»ortan1  as 
we  have  been  led  to  see  from  the  study  of  the  chapters  on  gen- 
eral biology,  and  on  muscle,  organs  to  accom]di!*h  this  work 
might  receive  the  blood  in  due  courite  and  return  it  to  the  c<.in- 
tral  pump  in  a  condition  eniiDenlly  fit  from  a  respiratory  point 
of  view, 

Such,  however,  would  neooBsurily  be  attsuciated  with  a  more 
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plirat*^  jmnip:  ami,  if  this  werp  sii  fonatrmitwl  as  to  prp- 
vent  tl»!  niixlm-i'  of  Itlnod  of  different  (iegrctes  of  fuiictioiinl 
value.  liJKtior  eixU  would  bo  attained. 

Turning  to  the  channels  themselves  in  which  thv  blood 
flow^,  II  little  consideralidn  will  convince  one  that  rigid  tubes 
wholly  unlit  for  the  purpose.  Somewhere  in  the  courso  of 
le  circulation  tlie  blooil  niunt  fluw  sulUciently  nlowly,  and 
tbrougb  vi«m>l8  thin  onou^h  to  |x>rniit  of  that  intenrlinji)<<>  }k- 
twcvn  the  blu'jfl  and  the  tis«'uei^,  through  1bi<  modiuni  of  the 
lympb,  which  is  essential  from  cvei-y  point  of  view.  The  main 
vessels  must  have  a  strength  suflirieiit  to  resist  the  force  with 
which  the  blood  is  driven  into  them. 

Niiw,  it  ii)  jHwsiblft  1(1  conceive  of  this  being  Rccomplishcd 
with  an  intermittent  (low:  but  manifestly  it  would  be  u  grcnt 
•(IviUltngo,  from  a  nutritive  nKpecl.  that  the  flow  am!  thereforo 
tho  supply  of  tissue  pabulum  be  constant.  With  a  pump  regu- 
larly intermittent  in  action,  provided  with  valves,  elastic  tul>es 
having  a  resistance  in  them  somewhere  sufficient  to  keep  them 
constantly  over-distended,  and  a  collection  of  small  veasels  with 
walls  of  extreme  thinness,  in  which  the  blooil -current  is  grwil- 
1t  filackene'l,  a  steady  hlood-tlow  would  t)e  nutintained.as  the 
student  may  readily  convince  himself,  by  a  few  experiments  of 
n  very  simple  kind: 

1.  To  show  the  difference  between  rigid  tubes  and  elastic 
ODed,  let  n  piece  of  glass  rod,  drawn  out  at  one  end  to  a  smnll 
diameter,  have  attached  to  the  other  end  a  Higginson's  (two- 
bnlb)  s\-Tinge,  communicating  with  a  vessel  containing  water, 
Every  time  the  bulb  is  S4jueezed,  water  flows  from  the  end  of 
the  glftits  nxl,  but  the  outllow  is  perfectly  intermitlont. 

i.  On  the  other  hand,  with  n  long  elastic  tube  of  India-rub- 
ber, ending  in  a  piec<*  of  gla-w  rod  drawn  out  to  a  point  as  he- 
fore,  if  the  action  of  the  pump  (bulb)  he  rapid  the  outflow  will 
be  continuous,  Au  apparatus  that  every  practitioner  of  medi- 
cine requires  to  use  answers  perhaps  still  bcMer  Ijj  illustrate 
theee  and  other  princii»tt«  of  the  circulation,  such  as  the  jiulse, 
the  inflnence  of  the  force  and  frequency  of  the  heart-l)eat  on  the 
blood -preMure,  etc.  We  refer  to  a  two-bulb  atomizer,  the  bulb 
Dearer  the  outflow  serving  to  nmintain  a  constant  air-pressure. 

We  may  now  examine  the  moat  perfect  form  of  heart 
known,  that  of  the  mammal,  in  order  to  ascertain  how  far  it 
and  its  adjunct  tubes  answer  to  a  priori  exi>ectations. 

The  Mammalian  Heart — In  order  that  the  ^itudent  may  gain 
a  correct  and  thorough  knowledge  of  the  anatomy  of  the  heart 
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und  the  working  of  itH  various  parts,  we  recommend  him  to 
pursue  «omo  suoh  cnursR  as  tho  following : 

1.  To  conmilt  a  niiiiiber  of  plates,  such  as  are  usually  fur- 
nuihcd  iu  works  on  anatomy,  in  ordt^r  to  sHcertain  iti  a  general 
way  thi'  rolalions  of  the  heart  to  other  organs,  and  to  the  clicst 
wall,  as  wfU  as  l<»  bwimii-  familiar  willi  il«  own  stnicturv. 

2.  To  au])pK>mi'iit  this  with  rmding  iUv  auBtomical  dyscrip- 
tions,  without  too  great  attention  to  details  at  first,  but  with 
the  object  of  getting  his  idoas  clear  so  far  as  they  go. 

it.  Then,  with  plates  and  descriptions  before  him,  to  examine 
Mveral  dead  specimens  of  the  heart  of  the  sheep,  ox,  jiig,  or 
other  mammal,  lii-st  somewhat  generally,  then  syste'mntically, 
with  thu  pur^iose  of  getting  a  mort.-  exa<.;t  knowh'dge  of  the 

various  !ttriiotui-i>s  and 
tht'ir  auatomicul  as  well 
as  pliystological  relations. 
We  wouhi  not  have 
the  student  conline  Im 
attention  to  any  single 
form  of  heart,  for  each 
shows  some  one  structure 
lietter  than  tha  others; 
and  tile  tulditiounl  ailvan- 
tiiges  of  comparison  are 
vtfry  great.  The  heart  of 
the  ox,  from  its  size,  is 
oxccUent  for  the  study  of 
valvular  action,  and  the 
framework  with  which 
the  mii6cle»i.  valves,  and 
vessels  are  connected ; 
while  the  heart  of  ihe  pig 
(and  dog)  resemble  the 
human  ur^on  more  close- 
ly thiiii  nioat  others  that 
can  be  obtained. 

It  will  Iw  found  very 

helpful  to  perform  some 

_.,„_.,  ^      . ,      ,         ,         ^        "f  tl>e  dissections  under 

no.  IIM.-Ttn  iHl  aurlclp  anil  Triitnt-lv  oppn«l  and  111 

Sitnr  thrlrvklliivmcniil  lofiriovr  Lhclr  cnilthm  Water,  Ulld    DV  tbO  USe   of 

Hon  ThiJiiuiin  •-     1,  rlsl"   |)iilniciii«rT  vrin  i-iit       ,  .                                    ,  -     -  . 

•hurt :  r,  .^viij  .i(  U-n  niirlil.' ;  1,  iliwk  "nil  of  IhlS    Or   801110    Other    flUld 

Wl  »oifli-l»;  I,  ("inliin'>f  ilii-'cinn:  »il1i  iniplllorv  ,,              ,.             *    .•  > 

Itiunelo  »in.rh.-.i  .  »,  5  ,  the  other  i«rtIUf>  liiui  the    aOtlOU    of    the  vaIV6S 
I'l™ :  a.  ooi-  ■rvin'iii  of  thr  tuliml  i«lm  ;  I.  la                 .1                , 

Mirtai»pia>.wiuv«rth*kmiiiunu-i«]irM.  may  bv  iuariieu  as  it  colt 
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^  no  utlior  way.  By  a  little  niftnipulntion  tho  heart  nmy  Iw  hu 
]i«ld  that  vrat«r  may  li«  poured  iutu  ihb  uHRccs,  prc'|>»iri:'l  by  a 
remuval  uf  a  porliuti  of  tlie  blood -vt:-.-?iHi-U  ur  tliu  uurick-s,  wb«u 
tlie  valvvM  may  be  sc-oii  closing  logutlitT,  and  thus  ruvealtiij; 
iheir  action  in  a  way  which  iiu  vorbal  or  pictorial  rupro&uuUi- 
lions  can  do  at  nil  adetjuattily. 


uir 


T>— VIvw  of  tho  OTlflcn  of  the  hpurt  from  brlow,  tbr  whole  n1  ttiF  ■vntrkln  hKrlnx 

ivojr  i«nrr  I1uxll■>'^  KAV.  rtiphl  ■urlculovritrrk'uliir  ortnc«^  (KfToiiDilL^cl  bf 
tpB.  I,  V.I,  I  r.t  I  •/.i.  lit  (Iiu  lrlcu>|H(l  iiUvit.  ntiiLli  nri'  u I'l'it-hi-il  bi'  VFichu 
^mthPiAonfct  fTn-finrir  (..tr.  l<^Burii.i>l>»""trl<'iilur iirl[l<v,i-ti*.  r^ , oriflcu 
I  puloMiraty  annT.  ihe  Hrnilliinur  ralOB  rv|inwiilcil  H  htviiiK  mrt  aiii]  tlinnl 
*r.    jto,  orulocut  Ow  u>rlB, 

A  liifart  thoroughly  boiled  and  allovrod  to  get  cold  Khows. 
oo  boinn  pulled  somewhat  apart,  tbo  course,  attacbmcut,  iiud 
other  features  of  the  Hlters  very  well,  as  also  the  skeleton  of 
the  organ,  which  may  lie  readily  sejiarated. 

WhoD  this  baR  all  bit^n  doii<>,  tho  half  i.t  not  yet  acconi- 
plisliiKL  A  visit  t^  an  nbattoir  will  now  repay  amply  for  the 
timo  spoilt.  Animalvi  uru  tberu  killed  and  eviscerati^d  .so  rapidly 
that  an  observer  may  not  only  gain  o.  good  prat-lical  uniuaint* 
anoe  with  the  relations  of  the  heart  to  other  part«,  but  may 
often  see  the  organ  still  living  and  exemplifying  (bat  nction 
peculiar  to  it  as  it  gradually  approaches  quiescence  and  death 
— It  matter  of  the  iitmoxt  imixirtance. 

If  the  student  will  thon  compnn?  what  he  hae  learned  of  the 
mammalian  heart  in  this  way  with  the  behavior  of  the  heart 
of  a  frog,  snake,  Ssb,  turtlu,  or  other  auimtvl  that  may  bo  killed 
after  brief  other  narcosis,  without  cessation  of  the  heart'K  oo- 
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tion,  be  will  have  a  broailur  b»sii<  for  his  CAi'dinc  physiolof^- 
tluui  is  aaual ;  and  we  think  we  umy  pruuiixo  l\\v  motlical  xtu- 

(luBt.  whu  will  in  thia 
XA  _ — -  jiqJ  other  ways  that 

may  occur  to  him 
supplement  the  u.itinl 
Work  on  the  human 
codftver.  u  pleasure 
ami  ]ir<jltt  in  the 
stuily  of  henrt-dis- 
easo  which  cumo  in 
no  other  way. 

With  the  view  of 
assiuling  the  ohser- 
vation  of  the  student 
att  reganls  the  heart 
of  the  nianniiiil,  we 
wuuhl  call  itpuciul  ut- 
t«iition  ti>  the  follow- 
inK  poiiita  among 
others:  Its  method  of 
suspension,  chiefly  hy 
its  great  vessels;  the 
strong  filimus  fmme- 
work  fur  the  attachment  of  valves.  ve«aol«,  and  muMcle-fiherti; 
the  great  complexity  of  the  arrangi'ment  of  the  latter;  the 
various  lengths,  mode  of  attachment,  and  the  strength  of  the 
inelastic  chordiP  tendineie ;  the  papillary  muscles  which  douht- 
less  act  at  the  moment  the  valvc-s  tlnp  tiack.  thus  preventing 
the  latter  heing  carrie<l  too  far  towarrl  the  aiiricle^,  the  pocket* 
ing  action  of  tho  ««niihinnr  valves*,  with  their  istrong  margin 
and  meeting  nodules  {corpora  tturaulN) ;  the  relative  thickness 
of  auricles  and  ventricles,  and  the  much  greater  thickness  of 
the  walls  of  the  left  than  of  the  rifiht  ventricle — tlifTvreoccs 
which  are  ri'latiil  to  Ihe  work  these  parts  ix'rform. 

The  latter  may  be  well  soen  hy  making  transverse  sections 
of  the  heart  of  an  nninial.  eBpLH.-ialIy  one  that  has  been  hied  to 
death,  which  specimen  also  showii  how  the  contraction  of  tho 
heart  ohliterates  the  ventricular  cavity. 

It  will  also  he  well  worth  while  to  follow  up  the  course  of 
the  coronary  arteries,  noting  especially  their  point  of  origin. 

The  examination  of  the  valves  of  the  smaller  hearts  of  cold- 
hloodcd  animals  is  a  matter  of  greater  ditBculty  and  is  facili- 


Pta.  IIIR  — Orillop*  of  Ihp  hcan  wrn  fmni  ■ho»,  atXft  Ott 
■urlcln  will  icTval  vnu-k  tLiul  hrrn  ciil  aniiy  latur 
MUIIryV  l>.l.  pulinonnn'  nncrj.  wllh  lU  wnilliiniu' 
rslnii.  Ati.aatin  In  n  nlwiiliir  t'.iuiIlUQn  K.I  r,  riiihl 
aiirUtil'i- v^ntrlnllar  ctrt:1i<«<.  wt\h  m.  r.  1  an-l  t  linim 
of  mllral  ™lvp  ;  h,  iItIp  inawl  lum  .>i>r>iiiiity  vi'fii, 
on  tlie  left  inrt  nt  ^.41'  Uis  Kclkin  nl  ih-  niirlrlr-  ta 
carriiwl  thrwiKh  Iho  aairlculiir  «|)|)pi«liu£r.  Ii'^nw  Hu" 
tmiUiwl  aiiiwiirmiiiv  >Iui'  tn  Ui"  porHuu  In  lelitf  cut 
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taied  liy  dissection  uniler  water  with  the  tielp  of  a  lens  or  din- 
sectiiJK  [nicros<-upe;  but  t^ven  without  tlic-se  infitruments  mucL 
limy  1>«  U-urned,  and  certainly  that  the  valves  are  relatively  to 
th(vw>  ijf  i\w  iiiiLiiimalian  Iteart  imperfectly  developed,  will  Iw- 
cume  very  ck-ur. 


Circulation  op  tub  Blood  in  the  Hajimal, 


rit  i-t  hij^hly  important  mid  quite  possible  in  studying  thv 
nrctilalion  In  fonn  a  series  of  mental  pictunw  of  whtit  is  trans- 
piring. It  will  In:-  hnnioin  t»iinl  that  there  is  a  »et  of  elmtic 
tal>i!t<  of  rvlotivoly  thick  wtill».  standing  opKti  when  cut  acruBB, 
dividing  into  tiumllor  and  liuialk-i'  brunches,  und  tinally  en<linR 
in  vesiw'ls  i)f  mure  than  cobweb  liuenes^,  and  opening  out  into 
others,  that  iKvumt-  litrger  and  larger  and  fewer  and  fewer,  till 
they  are  gathered  up  into  two  of  great  size  which  form  the  right 
aaricle.  The  larger  pipes  cunsiet 
^  everywhereofelaslictissueproi)- 
^g  er.  mu!«cular  tissue  (itself  elas- 
tic), fibrous  tissue,  and  a  flat  epi- 
thelial lining,  so  smooth  that  tbo 
friction  therefrom  must  be  mini* 
■  msl  OK  the  bloiMl  flows  over  it. 
"  Th«  ri'lurtt  tulK^orvoiusare 
like  the  arteries. but  no  thiu  that 
theirwalls  fall  t<igether  when  cut 
acrofis.  They  are  fiifforent  from 
all  the  other  blood-tubes  in  that 
thoy  possess  valves  opening  to- 
ward the  hoiirt  throughout  their 
Icoorac.  The  vciiia  are  at  leti^t 
twice  n»  numerous  ns  Hit'  artt'- 
ries,  und  their  capacity  mony 
times  greater.   The  small  vt-ssels 

tor  capillaries  are  so  abuniliint 
and  wide-spread  that,  as  is  well 
Iniown,  the  smallest  tut  any- 
where gives  rise  t<)  a  flow  of  blood, 
owing  to  Miction  of  some  of  these 
tulles,  which,  it  will  be  imuem- 
l»ered,  are  uol  visible  to  the  im- 

aiiled  eye.     It  is  estiuuited  that  their  united  area  is  several 
hoiulnKl  (AOO  to  8U0)  times  that  of  the  arteries. 


Flo.  IW. 


Vnrlou.1  liijpr»  n(  the  wftll*  o(  a 
r.  mil'rtbrllUDi ; 


•Hull  urirry  il*iiilnta 
(.  r.  Inlpnuil  nlutk-  iBtniua  :  r,  in.  flrcu- 
■■r miiHTtiUr  niHTH  of  II"'  cniijill"  nitt : 
c,  t.  ixjDnrcIlve  IIbhif  ot  Che  ouIit  coot, 
or  T.  KlTDntlUa- 
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Tf  wo  SDppom  tlie  epitheliul  lining  pushed  oat  of  a  btoaII 
KrUir>'  wo  havo,  80  far  as  structuru  uluue  ^oes,  a  good  idea  of  n 
capilinry— i.  e.,  its  wnlls  lu-o  but  one  cell  thick,  and  these  colls 


Fta.aDCl. 


Pni,«ll. 


r>o.  aoO—ValawlIh  vnJmMacopuiJSiltoo). 

no.  £01  ^rnniritliTiiln«eiastd.tb«bIooi)(iHNlii|[anl]y  ftlAUnmlliraocb  t*lu«(D«l(ODi, 

thoufth  long  are  extremely  thin,  so  that  it  is  quite  easy  to  un- 
derstand how  it  is  thnt  lh«  aniopboid  corpuHclea  can,  under  cer- 


Flo.  ««-0»plUiiry  hkwl  ti-bwIh  iLnniliJn).    T)!"  rwinMil-aubBlMiw  twitwn'ii  ihp  •■ndolhptliiMi 
bM  bren  rvndonMl  ilork  liy  lUyvT  DllrK(«.  uul  Ibe  nudrl  nuulr  pnunliU'nl  hy  iUUdIiik. 


tain  circumstance)!,  push  their  way  through  its  probably  semi- 
fluid walls. 

From  what  has  boon  said,  it  will  l»o  seen  thnt  the  whole  col- 
lection of  vnscular  tubes  may  bo  compared  to  two  Inverted  fun- 


TIIE  CIRCOLATIO!!  OP  THE  OLOOD. 


SS8 


Fm-  M.~IH*cnun  lo  iUunnie  tlii-  n-}Atlvi<j>R>p(irtKina<if  IIwMES'iV*'oii'^''X'>1  or^w  oTUie 
iMOfimil.  pan*  OC  Uw  IkHniUr  aj-tWrii  iVtH'  Vwl.     A.  aorlA :  C.  cB[iiUartBii :  V,  rdlu. 

seU  or  cone»  with  the  suinllor  oiitl  toward  tlio  lioiirt  uiid  the 
widi'Dt  portions  rcproeeiiting  tho  civijilliiribH. 


The  Action  ok  thk  Mammauan  Hkakt. 

Very  briefly  what  Uikev  place  may  bo  thus  stated:  Tho 
right  auriclu  cuiitriK'tiri;.'  -(iinrzt.s  Iht-  hlooil  through  the  im- 
riculo-ventrioulttr  upi'iim^  Dim  thu  right  veiitricly,  never  quite 
emptying  itself  probably ;  immediately  after  the  right  ventricle 
contrnrt.s  by  which  its  valvHs  art*  brought  into  sudden  ten.ti(iii 
und  npiHiHilioti.  tluiit  pi-evftnting  reflux  ititn  thtMVuriclo;  whJio 
tb(<  blood  within  it  takoti  the  path  nf  1ea.Ht  n^sistum^t,-.  and  tho 
only  ODO  opeii  to  it  into  thii  pulmonary  urtury,  nud  by  its 
bruiches  itt  couvoyc>d  to  the  i-ttpillariv»  uf  tlu'  lungs,  from 
which  it  is  returned  freed  from  much  of  its  carbonic  anliy- 
dride  and  repleniHlied  with  oxygen,  to  the  left  auricle,  whence 
it  proceeds  in  a  similar  manner  into  the  great  arterial  main, 
thf  aorta,  for  Renera!  di.ttribution  thrt^pughont  the  sninller 
artimes  and  the  capillaries  lo  the  most  remote  >i»  well  as  the 
oeareBt  ports,  from  which  it  is  gathered  up  by  tho  veins  and 
relumed  laden  with  many  impurities,  anil  robbed  of  a  large 
pr(>|Hirtion  of  its  useful  nuitters,  to  the  right  »idu  of  thu  hetirt. 

It  will  be  remembered  that  con'es|>onding  subdiriHiuus  of 
Moh  sido  of  the  heart  act  uimultaueously,  and  that  any  decided 
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departure  from  this  liariuony  of  rhythm  would  lead  to  serious 
(li&tiirbance. 


CapUUns  of  Ibt 


Suprvlor  Vaoa  Carft 


IiiCcrior  fcua  OiTa. 


EVirfAl  Volu. 


Filliiuiury  CaiiU- 


Uotu  Aiwrial  Truuk, 


CMdllvla  of  Tnink 
ua  Uwrcr  £(• 


pnlmaiiKry  uid  Uid  uiipi-r  aud  Ui>'  liiwrr  paru<if  iliv  ■^-ctniiib."  aTtrcTilnilnii  *jv  rauraMaM 
rnl     l(f  liulvi>  (Kp  o[  dlircnml  iHitiiiir  I)ir  iOWviii  I*  only  ivrr  (i-UL-rBll;  lodlMUd. 


The  VEf^jciTv  ok  the  Blood  and  BLooD-PBEsstmB. 

If  thu  TL-lativB  ca|)a<.'ity  and  arrangement  of  the  variuus 
I>artD  uf  th»  circulatory  sy.tteiti  he  as  has  been  represented,  it 
followfi  that  we  may  predict  with  some  confidence, aiMu-t  from 
experinn'iit,  what  Ihu  spwJ  of  the  flow  and  the  vascular  ten- 
sion uuiHt  he  in  ditferput  part»  of  tliu  cuurfc  of  the  citxrulntion. 

Wu  should  .mippoRt^  that,  in  Iht-  oaturu  of  the  t:ndo,  the  ve- 
locity wouhl  he  grcntoal  in  the  larpe  arierius,  graduaUy  dimin- 
ish to  the  capillano!*.  in  w]iioh  it  would  ho  much  tho  slowest, 
and,  getting  hy  <h!gife«  fast<T,  wonld  reat'li  a  spf<-d  in  the  largest 
veiiu  approaching  that  of  tho  corresiwnding  arteries. 
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Tho  mi'tliods  of  ili»tcritumng  thu  velocity  of  the  blood-stream 
bavo  nol  Kutirvly  siirniuuiitiNl  tLo  diflicuHios,  but  they  do  give 
rMaIt«  in  liarmuny  with  tbo  abov^nutod  anticijiatioDB. 

Till-  ami  of  the  f^-eat  aortic  trunk  being  so  much  loss  thati 
that  of  the  capillarieti,  the  flow  iu  that  vessel  we  tihould  expect  to 
be  very  much  swifter  than  in  t)ie  artH'iolen  or  the  mpillarioK. 
Moreover,  there  must  be  a  grent  (Hffer;iiice  in  the  velocity  during 
cardiac  systole  and  diastole,  aiui  iK-cunliiig  tis  the  bwtt  of  the 
licart  is  forcible  or  otherwixo.  But,  apurt  from  tho!H>  mure  ob- 
vious d iff crt' nit's,  thcrL-  arc  variution^  dDpi<nding  on  complex 
changLt!)  iu  the  peripheral  circulation,  owing  to  the  frMjiient 
VBiiatioos  in  the  diameter  of  the  arterioles  in  different  parts, 
as  well  as  differences  iu  the  resistance  offered  by  the  capillaries, 
the  causes  of  which  are  but  ill  undmrstoixl,  though  le^s  obscure, 
we  think,  than  they  are  often  repnwmtod  to  lie.  Since,  for  the 
maintenance  of  the  circulation,  the  quantity  of  blojd  enter- 
ing and  leaving  the  heart  must  be  i<(|uh1,  in  consequence  of  the 
sectional  area  of  the  great  veins  thut  enter  the  heart  being 
greater  than  that  uf  the  aorta,  it  follows  tliiit  the  venous  flow 
eren  at  itd  quickest  is  necessarily  slower  than  the  arterial. 

ComparatiTt. — There  must  be  great  variations  in  velocity  in 
iliffiTi-iit  finimals.  as  such  measurements  as  have  been  made 
ilomoiistrate.  Thus,  in  the  carotid  of  the  horse,  the  speed  of 
the  blood-currenl  i»  calculated  as  about  3iiO  mm.,  in  the  dog  at 
ht>m  505  to  357  mm.  These  iVKulls  can  not  be  considered  us 
more  than  fair  approximations. 

Highly  important  is  it  to  note  that  the  rate  of  flow  in  the 
capillaries  of  all  animals  is  very  slow  indeed,  not  being  as  much 
iw  1  nun.  in  a  second  in  the  larger  mammals.  The  time  occu- 
piwl  by  the  circnlation  is  also,  of  cour-w,  variable,  being  as  a 
rule  shorter  the  smaller  the  luiininl.  As  the  result  of  a  num- 
iter  of  calcnlntiom",  though  by  niethods  Hint  arc  more  or  loKS 
faulty,  the  following  law  may  be  laid  down  ns  meeting  approxi- 
mately the  facts  so  far  as  warm-blooded  animals  are  conci'med : 

The  cirtnilation  is  effected  by  27  heart-beats;  thus,  for  a 
man  with  a  pulse  of  Si,  the  time  occupied  in  the  completion  of 
the  course  of  the  blood  from  and  to  the  heart  would  be  |f  =  3 ; 
i,  &,  the  circulation  is  completed  three  limes  in  one  minute,  or 
its  {leritxl  is  twenty  seconds:  and  it  is  to  lie  well  borne  in  mind 
that  by  far  the  greater  part  of  this  time  is  occupied  in  Irnvers* 
ing  the  capillane*. 
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The  ClKCL-I^TION  USDEIl  THE  MICROSCOPE. 

There  are  few  picturps  more  instructive  and  impressive  than 
ft  view  of  the  circulation  of  tho  blood  unclor  the  microscope. 
It  18  woll  to  have  .similar  preparatiimx,  one  under  a  low  power 
and  another  un<ipr  a  maprnitipation  of  .100  to  500  diameters.  WitJi 
the  former  n  view  of  arterioles,  veins,  and  capillaries  may  be 


Tm.  MS.  -  Portltai  at  One  w«b  of  •  trog"*  fool  u  w«n  udiIm-  a  lin>  msjnlfTlnK  pomr.  it/iwlKK 
Huf  bkxhl-TVHDls.  uid  Id  one  t^orui-r  ihe  i>lirEiii-ni-bTH.>i*  mn<*r  HuiU'y),  «>  umall  ii  <iiiTii 
(AnuriulHi:  I',  iiiiiall  wiim-    Tin;  uiiitlliT  viih'1>  an-  iliu  <-a|ilUiinii>.    Tbu  iininv  of  M 

obtained  at  once.  Many  diir<'reiit  parts  of  animals  may  be  U8«d, 
as  the  wvb  of  the  frog's  foot,  its  tongue,  long,  or  mesentery ; 
tho  gill  or  tail  of  a  small  fi^h,  ttulpulf,  etc. 

The  n>liLti  vn  sisso  of  the  vushoU  ;  the  speed  of  tho  blood-flow : 
the  greater  velocity  of  the  central  part  of  the  stream ;  the  aggre- 
gation of  colorleeH  corpuscles  at  the  sides  of  the  vessels,  and  the 
occiusioiial  ]iaR8age  of  one  through  a  capillary  wall,  when  the 
exposure  htvs  lasted  some  time;  the  crowding  of  the  red  cells; 
their  plasticity;  the  small  size  of  some  of  the  capillaries,  bardy 
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AliovrtnE  the  corpuiicles  to  be  m]ii(.-«xr()  through :  tho  oLangos  in 
tho  velocity  of  thtj  current,  cspttfiiiUy  in  the  c-apillarivit ;  its  pos- 
aiblo  arnect  or  retroctiseion ;  the  velocity  in  one  so  much  greater 
Ihiin  in  its  neighhor,  without  very  ohxnous  cituse — all  this  and 
mui'h  moro  forms,  n-t  we  hnve  snitl,  a  reumrkable  lesson  for  the 
thinking  student.  This,  like  all  niicmscopic  %'iowi4,  espetiially 
if  niotioa  i»  ropro8ent«d,  ho^  its  fallacies.    It  is  to  be  ivraem- 


an  Id  Uiawctiof  the  rMK"*  tool  (Ktgiitri.     K  •vtioua  mmk  comunFd  at 

l*>  Hm!*  |glai*t*l  hrapchM  I",  r.  ct.  ctmavj  ulth  a  |ilw[ii»ofi»aUHrTf  li    Tbewhole 
U  dnuwl  nvM  viUi  [riltnimE  iiww, 

bvrod  that  the  movements  are  all  magnitietl,  or  else  one  is  ftpt 
to  suppose  the  capillary  circulation  extremely  rapid,  whvrviui 
it  is  liko  that  of  the  most  sluggish  part  of  a  stream,  and  very 
irreKuliu". 


The  Cbaractbrs  of  ths  Blood-Flow. 

If  an  artery  bo  opened,  tho  blood  is  seen  to  flow  from  it  in 
A  ronslAnt  strotim,  with  puriudiu  oxaKg^rations,  which,  it  is 
found,  answer  to  the  lioart-bi'ats ;  in  tliu  case  of  veins  and 
ckpillariuK  thu  flow  is  also  constant,  but  shows  none  of  tho 
sportinK  of  the  arterial  stream,  nor  has  the  cardiac  beat  a]ipar- 
Mtly  an  ("qual  morlifyiuK  effect  upon  it. 

We  have  already  explained  why  the  flow  should  be  constant, 
though  it  would  l>c  well  to  bo  cliiaror  us  to  tho  peripheral  re- 
aiatanoe.    The  amount  of  friction  from  linings  so  smooth  as 


9S8 


ANIHAL  PHVSlULOUY. 


those  of  tho  blow! -vessels  can  not  bo  oonsidorable.  WTumoe, 
thoii,  nriae?  tlint  frtrtion  whicli  ^^*.'(l\nt  tlii.'  ivrtorittl  v^tnrU  ulways 
diKtviidLti)  l)y  its  biK'kwitni  iiifliii'irH^'?  The  microBLt>pit  study 
of  thL>  circulaliun  bulps  tit  uilswit  this  quf^stioD.  The  plas- 
ticity of  the  corpUHcIos  and  of  the  vessel  walls  themselves 
muHt  he  taken  into  account,  in  consequence  of  which  n  drag- 
giuff  intlui>nc(>  i»  exerted  whenever  the  corpu»cle.i  touch  the 
wall,  which  must  constantly  happen  with  vnitt  numht'ra  of 
thcTn  ill  the  sMiftlli^st  vessels  and  especially  in  tho  rapillaric8> 
TIk<  arrungonicnt  of  cjipillnrie8  into  »  niesli-wnrk,  must  also,  in 
consequoucu  of  so  many  angles,  be  a  source  of  much  friction. 

The  actum  of  the  oorpusclus  on  one  another  may  bo  com- 
pared to  a  crowd  of  people  hurrying  along  a  narrow  passage — 
the  obstruction  comes  from  interaction  of  a  variety  of  fotx^es, 
owing  to  the  crowd  it»elf  rather  than  the  nature  of  the  thor* 
oughfnrc.  We  must  set  down  a  great  deal  to  the  influence  of 
tho  corpuscles  on  one  Another,  os  they  are  carriod  along,  accord- 
ing to  mci-luuiicul  principle:* ;  but.  as  wo  shall  soo  later,  othor 
and  moro  subtile  factors  play  a  [>art  in  the  capillary  circulation. 
Owing  to  the  pcriphfral  ri'sistiince  and  the  pumping  force  of 
the  luvtrt,  theartories  beconiu  distended,  so  thKt>  during  cardiac 
diastole,  thoir  recoil,  owing  to  the  closure  of  the  semilunar 
valves,  forces  on  the  blood  in  a  steady  stream.  It  follows,  then, 
that  the  main  force  of  the  heart  is  sjjunt  in  distending  the 
arlerie«,  and  that  the  immediate  propelling  force  of  the  circu- 
lation is  tho  elasticity  of  the  arteries  in  which  the  heart  stores 
up  tilt)  energy  of  its  systole  for  the  montont. 


BLOOI>-PRBSSURe. 

Keeping  in  mind  our  schematic  representation  of  the  circu- 
lation, we  should  expect  that  the  blood  must  exercise  a  certjun 
prussure  everywhere  throughout  the  vascular  system ;  that  this 
blood-pi-essure  would  be  highest  in  the  lionrt  itself;  considera- 
ble in  the  wholf  arterial  system,  though  gradually  diminishing 
toward  the  capillaries,  in  which  it  would  be  feeble;  lower  still 
in  the  smaller  veins ;  ami  at  its  minimum  whore  the  great  veins 
enter  the  heart.  Actual  experiments  c^jnlimi  the  truth  of  these 
views;  and,  as  tlie  subject  is  one  of  considerable  importance, 
w»  shall  diri^ict  attention  to  the  methods  of  estimating  and  re> 
cording  an  animal's  blood- pressur& 

Firat  of  all.  the  well-known  fact  that,  when  an  arti-ry  is  cut, 
the  issuing  Ktroain  spurts  a  certain  distance,  as  when  a  water- 
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iDftin,  ftwi  from  an  plevatM  reservoir,  biirstK,  (tr  a  liydmnt  ia 

^ opener],  is  itsplf  a  proof  of  tlie  pxistenee  of  bUwd-pressun;,  and 
is  a  crufie  measure  of  tho  amoiiot  of  the  prossuro. 
_  One  of  the  ifimjilost  ami  motft  im|irc««ivo  wiiy^  of  demon- 
Rating  blixiil-preMsaro  18  to  coDuect  the  curotit),  fvnioral,  or 
other  large  artery  of  an  animal  by  meaos  af  a  email  ^lass  tube 
(drawn  out  in  a  peculiar  manner  to  favor  insertion  and  reten- 
tion by  ligature  in  the  vessel),  known  as  a  oannuln,  by  rubber 
tubing,  with  a  long  glai^a*  hji)  of  bore  approaching  that  of  the 
artery  ojwneil,  into  n-hich  the  I)1(>ilh1  is  ulluwed  to  (low  through 
the  Hlxivc-mentiouud  contiections.  whilu  it  is  muintaiued  in  a 
rerticiil  position, 

I  To  prevent  the  rapid  coagulation  of  the  blood  in  such  ex- 
periments, it  is  customary  to  till  the  cannula  and  other  tubes 
to  a  certain  extent,  at  least,  with  a  solution  of  some  salt  that 
tvnd»  to  retard  coagulation,  such  as  i^oilium  carbonato  or  bicnr- 
boaate,  magnesium  »ulphut«,  etc,  If  other  connections  are 
made  in  a  Niniilar  way  with  smaller  arleriett  and  veins,  it  may 
bo  seen  that  the  height  of  the  ri-speettve  eolunUis,  representing 

Pthe  blood-pressure,  varies  in  each  and  in  accordanou  with  ex- 
pectations. 

While  all  th«  essential  facts  of  blood-pressure  and  many 
others  may  be  illustrated  by  the  above  simple  methods,  it  is 

tinadeqiuit«  when  exact  measurements  are  to  be  made  or  the 
rtwilts  to  bo  recorded  for  permanent  preservation ;  lience  appa- 
mtua  of  a  somewhat  elaborate  kind  has  been  defnsed  to  accom- 
plit<h  these  purposes. 
The  graphic  methods  are  snbstaiitinlly  those  alreaily  ex- 
plained in  connection  witli  tin.-  physiology  of  muscle;  but, 
stDCu  it  is  oftvn  desiruble  to  maintaiu  bluixl -pressure  experi- 
menls  for  a  considerable  time,  instead  of  »  single  cylinder,  a 
series  so  connected  aa  to  provide  a  practically  endless  roll  of 
paper  (Pifi.  iOS)  is  employed. 

When,  in  the  sort  of  experiments  referred  to  above,  the 
l^ht  of  the  fluid  used  in  the  glass  tube  to  prevent  coagula- 
tion just  suffices  to  prevent  outflow  from  the  artery  into  the 
coDoeclions,  we  have,  of  course,  in  tliis  a  mejisure  of  the  blood- 
pteesare:  however,  it  is  convenient  in  must  instances  to  use 
menmry,  containi^^  in  a  glass  tube  l)ent  in  the  form  of  a  U.  for 
a  menaure,  as  shown  in  the  subjoiuLi)  illustration.  It  is  also 
deainible,  in  oinler  to  prevent  outflow  of  the  blood  into  the 
apparatus,  to  get  up  a  pressure  in  the  U-tube  or  manometer  as 
near  aa  may  be  oi]ual  to  that  of  the  animal  to  be  employed  in 
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boUta:  CO,  ttracMvt>il.[n  which  teplaocil  lhn(unula.and  beLoH  the  laUaa  fonwpn.  ahlrb 
•My  b*  rxniivcd  wbra  it*  Maad-|iitaniiv  tn  la  lie  aouwllj'  inmnuml.  Tlic  rvKWtnulun  nr 
lliii  lii%1».  VHMUiHi.ftCL.ol  bluud-utnMiinv  l<  beat  mods  OD  ■  iwuUauutu  ri'll  «r  tupi-r.  u 

the  czjxriiueiil.  This  may  bo  ofTcctixl  in  ti  vnriuty  uf  ways, 
onu  uf  tho  most  cunvvniout  of  wbicb  i»  by  meftns  of  a  vessel 
contotntDg  Komu  sjituruttNl  smlium  curbouaU'  or  similar  solu- 
tion in  connwfiion  with  tliu  inaiioniwler. 

It  IB  important  that  the  pressure  slioiild  exi>ro!<«  itself  »s 
directly  ami  truthfully  on  the  mercury  of  tlio  nmtiomuter  as 
puA-Hible,  hence  the  employment  of  a  tulnj  with  rigiil  vtaUs.  yet 

«pulilu  of  livirig  l>ent  readily  in  dilTeruut  lUrcictiouK  for  the  sake 
cuMVuniuticv. 

Mercury,  on  account  of  its  inortia,  is  not  free  from  objec- 
tion; ami  when  vi-rydelifatH  variations  in  Ilie  lilood-presaure— 
e.  g.,  feeble  ]>ulse-l)eatj4-~ai'e  to  lie  indicated,  it  fails  to  express 
.  them,  in  which  caso  other  fluids  may  be  einiiloyod. 


riUMniuroUiDi-.    , 

vtodall  up  mtothv  rnll  A.    Tun  •-li'olrii  m 

Iplipnpte  of  lioii*  on  the  iiiovlit^  r<t\l  of  i»il^- 


.  iiqiH'r  ir"in  111.'  rojl  * ',  I 
■oil  A. 


|Ni|«T  (Foili-rt.    Thu  dcKk-work  ma- 

■  iiii>ii>IiI]ri>vHrlhnt.7lIorW'  B,  ami  ihoD 

iiiitrkF^mivr'' AiVti  Id  iicWlkin  n^vinLInc 

1 1  haiiiiaiii^Ecr  nuj  bu  nxi.nl  In  itn^v^iii- 


tt  will  be  not«^^  thitt  when  nii  ordinary  caniinln  i»  uwd,  in- 
Mtrt<^>:l  a!4  it  is  lennthwise  into  the  Wood-vessel,  tho  pri-ssure 
rccunietl  is  not  that  on  the  side  of  the  vessel  into  wliich  it  i« 
inK«rtu<l  as  when  a  -^  -  pie<.-«  is  used,  but  of  the  vessel,  uf  which 
tJie  onti  in  questiou  is  a  branch.  The  blood-pressure,  iii  the 
main  arterial  trunk  for  example,  must  depi^nd  largely  on  the 
foroa  uf  thu  hetirt-bent ;  cuusequcntly  it  would  be  exi^ected,  and  it 
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is  actually  fonii<!,  that  the  premore  varies  for  ttilTcrptit  animals, 
KJKO  having,  of  cnurxe,  in  moett  ingtanoes  n  relation  to  thi;  result. 
It  lias  l)t!pii  ediiriiattKl  that  in  the  canftid  of  tliu  Iiorse  tlip  arte- 
rial pn-ssiiro  18  150  to  900  mui.  of  nit'rc'urj-.of  tkuiloK  I0(i  to  ITS, 
of  the  rabbit  50  to  !K).  Han's  blood-pressuro  is  not  known,  but 
is  probably  biyb,  we  may  siippose  not  less  than  15f)  to  2fm  mm. 
After  the  fact  that  there  is  a  certain  conBiflenililr'  blixx!- 
presflure,  the  other  most  important  one  to  notice  is  that  this 
blood-pressure  is  constantly  varying  during  tho  experiment, 
and,  ns  we  shall  give  rwison  to  believe,  in  the  normal  animal ; 
and  to  ilw^i  variations  and  their  causes  wu  ghnll  prcseutly  turn 
our  atti'ntion. 

THB  HEART. 

The  heart,  being  ono  of  the  great  centers  of  life,  to  apeak 
figuratively,  it  demands  an  unusually  close  study. 


Thk  Cardiac  Movkmknts, 

There  is  no  special  difficulty  in  ascertaitting  the  outlines  of 
the  heart  by  means  of  percussion  on  either  the  deinl  or  the 
living  subject.  Quite  otherwise  is  it  with  the  changes  in  form 
which  accompany  canliac  action.  Attempts  have  been  made  to 
nacertain  the  alterations  in  position  of  the  h(«rt  with  respect 
to  other  partt^,  and  especially  its  own  alterations  in  sliajie  dur- 
ing a  systole,  the  chest  l>eing  iinopencil,  by  the  use  of  nocilles 
thrust  into  its  substance  through  the  thoracic  walls;  but  the 
rt^Hults  have  pruvL-d  ftdlocious.  Again,  casts  have  been  ma<le 
uf  the  heart  after  death,  in  a  condition  of  mmlerate  extensioQ, 
prior  to  ri^or  mortis ;  and  alao  when  contracted  by  a  hardening 
fluid.  These  methods,  like  all  others  as  yet  employed, are  upon 
to  serious  objections. 

Following  the  rapidly  beating  heart  of  the  mammal  with 
the  eye  produces  uncertainty  and  confusion  of  mind.  We  look 
to  instantiineous  photography  to  furnish  a  possible  way  out  of 
the  difficulty. 

It  may  be  very  confidently  said  that,  the  mode  of  contrac- 
tion of  the  hearts  of  ditFerent  groups  of  verlebratea  is  variable, 
though  it  seems  highly  probable  that  the  divergences  for  mam- 
mals are  slight.  The  most  that  can  be  certainly  affirmed  of 
the  mammalian  heart  is.  that  during  contraction  of  the  ventri- 
cles they  become  more  conical;  that  the  long  diameter  is  not 
appreciably  altered ;  that    the  antero  -  posterior  diameter  ia 
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longthonoil;  nncTthat  tLo  loft  ventrick*  at  least  turns  ou  its  own 
axis  from  loft  to  right.  Tills  lattur  may  be  distinctly  mode  out 
by  the  eye  in  watching  the  heart  in  the  opened  chest. 

The  Ihpulsb  of  tue  Ueabt. 

When  one  places  his  hand  over  the  region  of  the  heart  in 
man  and  other  mammals,  he  experience.i  a  sense  of  jira'tsuii' 
varying  with  the  part  touched,  and  from  moment  to  momoiit, 
InstrumentA  constructed  to  convey  tliii<  niovi-nieut  to  roeordiug 
levers  also  teach  that  certain  niovomonts  of  the  rhost  wall  cor- 
i|)ORd  with  the  pro|>»Katioii  of  the  pulse,  iind  theri'foro  to  the 
ole  of  the  heart.  It  <;an  ho  rocoguizod.  wLothtT  the  hand 
or  an  instrument  ho  used,  that  all  parts  uf  the  chest  wall  over 
tho  heaK  are  not  wiually  raised  at  the  one  instant.  If  the  beat- 
ing heart  be  held  in  the  hand,  it  will  be  noticed  that  during 
sysbde  there  is  a  sudden  hardening.  The  relation  of  the  ajtex 
to  the  chest  wall  in  variable  for  difFereiit  mammals,  am)  with 
ilillcrent  (msitionit  of  the  bwly  in  man. 

As  ft  r\>8ult  of  the  invostignlion  which  this  subject  has  re- 
ceivol,  it  may  be  inferred  that  the  sudden  tension  of  tho  hoart, 
owing  to  thu  ventricle  contracting  over  its  fluid  contents,  causes 
in  those  casOB  in  whieh  during  diastole  the  ventricle  lies  against 
the  cheot  wall,  a  sense  of  pressure  beneath  the  hand,  which  is 
itmially  accompanied  hy  a  visible  movement  upward  in  some 
part  of  tho  thoracic  wall,  and  downwnni  in  adjacent  parts, 
The  exact  characterw  of  the  cardim^  impuliw  are  very  variable 
with  different  humtui  subjects.  The  term  "  ajwx-lwat "  is  fre- 
quently employed  uisteod  of  cardiac  impuW.  on  the  assump- 
tion that  tho  apex  of  the  heart  Is  brought  into  sudden  contact 
with  the  thoracic  walls  from  which  it  is  suppoiied  to  recede 
daring  diastole.  But,  in  some  positions  of  the  body  at  all 
events  in  a  certain  proportion  of  cases,  the  apex  of  the  heart 
lies  against  the  chest  wall  during  diastole,  so  that  in  these 
instances  certainly  such  a  view  would  not  be  wholly  cori-ect. 
Bat  wo  would  not  deny  that  in  some  subjects  there  may  be  a 
genuine  knock  of  the  apex  against  the  walls  of  the  chest  during 
the  ventricular  systole. 

It  will  not  be  forgotten  that  tho  heart  lies  in  a  pericardial 
,  moistened  with  a  small  quantity  of  albuminous  fluid ;  and 
t  hy  this  sac  the  organ  is  tethered  to  the  walls  of  the  chest 
by  Its  mediastinal   fastenings;  so  that  in  receding  from  the 
chest  wall  the  latter  may  be  drawn  after  it ;  though  this  might 
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also  follow  fn>m  the  int^coatal  muscles  being  Etimply  unsup- 
porhxl  when  the  henrt  recedes. 

Inx-eswoatios  or  the  Hkart-Beat  from  within. 

By  the  use  of  apitaratux  hitroducwl  within  the  henrt  of  the 
□lunitnAl  »nd  repoiiinff  thoi>e  changes  susceptible  of  graphic 
record,  cortAin  tracings  have  been  oblainod  about  the  detnils  of 
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FiA,  M;— ]Cu«T'i  canlbu  Kmnil  wblirh  «uv  ba  mrd  to  aXfikim  Iha  cfaunl>i«  of  llur  hcu* 
Caft«r  FoMh-i,  <t.  la  nuul*  oC  nililm'  lirrCohad  or<T  •  irliv  fnmnrsilf.  wUb  uiruUlc 
wippnna  tJoorv  lail  Inlow  ;  Is  la  a  Ions  (obr. 

which  thcru  art'  imcvrtninty  and  disagreement,  tbougti  they 
seem  to  ustablish  thu  nature  ef  the  main  features  of  tho  oanliw! 
beat  clearly  enough.     An  interpretation  of  such  tracings  itt  tbv 
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SJ;'':^!!^'?'''*"?  Ii»cln(pi  from  He  InUirtor  Ot  ihe  ricbl  aurtcl*.  from  tile  toUrtordf  Ibr 

■HI  *>mt1i4*.  and  or  1)10  o«rdlftc  ImpuU*.  lu  ttv  dor*'  '»(lw  CJuixnau  wid  Mm*t\ 

•"-—t  lo  to  read  mrni  l*/l  lo  rfKbt,  «it<t  llu>  rrtiT«>i*»  Antr  tn  lo  ih"  onliT  ttom  lop 

m.    Ac«iit>Ma  canllac  c^ulv  MInpliiilpd  Iwiimqi  Ihpihlok  rrrtlcaJ  llnrat  ud  It 

iTnnkttl  Until  liidk«toi«i[h(a(aiwiNind.    The  crodiulrLMoI  pmninrnlUiln  Ihe 

, •  (ai Mill-  <i»eln(r)  duHns  diMlote.  ibe  nudilm  rW  trim  Ih*  ■ntob'.  iu  ii]iUni«iui«P 

twdllnitoiw  f.H-  an  acprroMblP  time.  )u  auddni  fall.  Mc  .are  all  iroll  aliowiL    There  I* 
l^aaanmil  >•  i«  tlir  nai.i  mnanlnti  of  Uiu  minor  curvni  ID  Uw  largvr  oii»a. 

light  of  our  gcnoral  and  .'<peoial  knowledge  warrants  the  fol- 
lowing statvmout. 
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1.  Both  auncular  and  ventricular  systole  are  sadden,  but 
the  latter  i«  of  very  much  sreater  duration. 

'i.  While  the  chest  wall  feels  the  ventricular  systolo,  th«  au- 
ricuJo-ventricular  valves  tthielil  the  auricle  fi-om  its  shoc-k. 

3.  During;  diastole  in  both  eliambors  the  {tressiire  rises 
gmdunlly  from  thi-  iritlow  of  hlixx) ;  and  tht.'  nurit-ulsr  contrac- 
tion prinluL-Oii  a  brief,  di'cidL'd,  thuugh  but  slight  ri^e  of  press- 
uro  in  the  ventricles. 

■I.  The  onset  of  the  ventriftilar  systole  is  rapid,  its  maximum 
pressure  suddenly  i-eached,  and  its  dnratinti  consid'Tiible, 

The  relationa  of  thef*e  various  evi-ntx.  their  duration,  and  the 
correspooding  movements  of  the  clu-ist  wall,  ntay  be  learned  by 
A  Mndy  of  the  above  tracing  which  the  student  will  find  worthy 
of  bis  chjfic  attention. 


The  Cardiac  Sousoa, 

IVo  Hounds,  differing  in  pitch,  duration,  tind  interuity,  may 

he  heart]  over  the  heart,  when  the  chest  is  oiK>nod  and  the 

r  j^oort  listonod  to  by  mt>nn)(  of  a  »tetlK>eco|>e.    Ttiote  sounds  may 

'Slsu  bo  hoard,  and  pniwul  the  same  cliarticters  when  the  heart 

U  auiicultatod  through  the  che^t  wall ;  hence  the  cardiac  im- 

pulse  can  take  no  «>«tsential  pari  in  their  pro<lnrtion. 

Tlie  f«ounds  are  thought  to  be  fairly  well  rB]»resented,  »o  far 
as  the  human  heart  is  concerned,  by  the  syllables  tub.  dup; 
the  finrt  sound  U-ing  longer,  louder,  lower-pitchwl.  mid  "  boom- 
ing" in  quality:  the  n-coud  short,  sharp,  itnd  liigh-pitcbed. 

In  the  exposed  heart,  the  first  sound  is  heard  most  distinct- 
ly over  the  base  of  the  organ  or  a  little  below  it ;  while  the  sec- 
ond is  communicated  most  distinctly  over  the  roota  of  the  grunt 
Teeaebi — that  is  to  say,  both  sounds  ai-e  hear«l  best  over  the 
•uriculo-vi-ntricular  and  semiluiukr  valvt'S  re-t]ieitivt;ly.  When 
the  ohoRt  Trail  intervt^u-s  betwin.-n  the  heart  and  the  ear,  it  is 
frnind  that  thi*  )i>.v(>nd  sound  itt  usually  heard  most  distinutly 
over  the  SM-und  ouslal  cartilage  on  the  right ;  and  the  first  in 
the  fifth  costal  interspace  where  the  heart's  impulse  is  also 
often  m<«it  distinct.  In  these  situations  the  arch  of  the  aorta 
in  the  one  case,  and  the  ventricular  walls  in  the  other,  are  close 
to  the  situations  referred  to  during  the  cardiac  systole;  hence 
It  ii  inferred  that,  though  the  sounds  do  not  originate  directly 
bODMth  these  spots,  they  are  best  propagated  to  the  chest  wall 
at  these  points. 

There  are,  however,  individual  differoaoes,  owing  to  a  va- 
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Piety  of  cansee.  which  it  is  not  always  possible  to  explain  fully 
in  each  case,  but  owiiiR  doubtless  in  ^aat  part  to  variations  in 
the  anatomicat  relations, 

Tbs  Caoaes  «f  the  Sonnda  of  the  Heart — There  in  ^rieml  iif^rao- 
mf^iil  in  the  view  thrit  llie  second  sdiukI  h  uwing  to  tJiu  elot>uro 
of  tiio  semilunar  valves  of  the  aortic  ami  pulmonary  vw!«i'li;: 
the  former,  owing  to  their  greiiter  tension  in  cunitciiuencv  uf  the 
higher  bltHxl-presiiure  in  the  uorttv,  lakiii};  muuh  the  larger  share 
in  the  production  of  the  uuuml,  u»  may  be  oscertainivl  by  listen- 
IHR  over  these  vessels  in  theexposeil  heart.  When  these  valves 
nre  hooked  back,  the  second  xuaml  disappears,  so  that  there  can 
be  no  doubt  tliitt  tliey  bear  some  inii>ortJuit  relation  to  the  can- 
tatiou  of  the  Konnd. 

In  regard  to  thvjirat  sound  uf  the  heart  the  greatest  diver- 
sity of  opinion  has  prevailed  and  still  continues  to  exist.  The 
following  among  other  views  have  been  advocateil  by  physi- 
ologists : 

I.  The  first  sound  is  caused  by  the  tension  niid  vibration  of 
the  nuriculo-ventricular  valves. 

'■i.  The  lirttt  iiJk>untl  i»  owing  to  the  contractions  of  the  large 
mass  of  muscle  composing  the  ventricles. 

3.  The  sound  is  directly  traceable  to  eddies  in  the  blood. 

In  favor  of  the  first  view  it  whs  argue<l  that  by  agreement 
the  second  sound  was  valvular,  ttiid  why  not  the  first  ? — And 
again  that  malformations  of  the  valves  gave  rue  to  "murmurs" 
("  bruils").  which  either  obscured  or  replaced  the  true  sound. 

The  second  opinion  was  supported  by  the  fact  that  the  larger 
the  heart  the  more  powerful  the  sound;  that  wheu  the  blooil 
was  cut  off  from  the  heart  by  ligature  of  the  vesseJs  success- 
ively, the  sound  could  still  he  heard ;  that  with  fatty  degi^nera- 
tion  of  the  mu.'*cle- fibers  of  the  heart,  it  had  been  found  that 
the  sound  was  weak — and  similar  arguments. 

Recently  it  has  been  (intended  very  strongly  that  the  first 
sound  may  be  heard  by  a  double  stethoscope  placed  over  an  ex- 
otBed.  bliiodless,  mammalian  heart,  or  even  ventricle,  while  it 
etill  beats. 

The  third  opinion  was  less  \-igorou8ly  upheld,  but  certain 
experiments  and  physical  phenomena  were  {K>tnted  to  in  sup- 
port of  it. 

Against  the  arguments  wlduced  above  it  may  be  stateil  llist 
the  first  sound  may  1)0  conceived  as  overjiowered  by  a  bntil 
without  being  replaced  by  it  in  the  proper  sense  of  the  word. 
It  is  well  known  that  the  cardiac  muscle  is  peculiar,  occupying 


THE  CIttCL-LATION  OF  TUE  BIXHJD. 


S87 


IlTMriirtMro  a  po»titi(iii  iiit^Tinn'IiiiU)  bt'twMii  tho  striptxl  vol- 
uuUiry  tilM-i-s  attd  ilie  i^mooth  iiiuiK^k'-oC'llt;.  NiimiTuus  investi- 
gations have  shown  that  the  hoart  in  uot  »u»cepti))le  uf  tme 


Fu.t11. 


Fta.  tt>. 


rm.  ni.— JOcmnopIo  upwnuicni  "t  llbfr*  tmm   thv  heart.      Thr  wn»«tr1iD.  dtrldoiui 
and  JuniAam  uv  lidlilc  (■■andoui). 


FM.  111.— Mamtar  llbeiM»liii  fnini  Uia  brtji. 


II  11  UL)   a,  linn  of  Juocturo  betweoi  twa 


tetanic  contraction,  certainty  not  tlio  heart  of  the  iiianimal ;  ho 
that  it  is  customary  to  t«nii  the  canlinc  coatrartioii  pmst^tltir. 
If  tills  view  be  correct,  liow  could  there  he  amount)  )iro<luc'tNl  by 
muMculHr  conti-action  alone  ?  To  thi«  it  lias  bwtu  ritplieii  that 
tho  xuililcn  tension  of  thi-  veiitriciihir  wall  wlit-ii  tighk-iiitl  ovur 
ihi*  blfMxI  may  give  rijio  to  vibmtious  thai  account  for  tho 
Mund ;  and  roiN^nt  invcetigations  havo  shown  that  the  vibrations 
that  tpvo  rise  to  tho  sound  eniittod  by  a  conlract.injf  skeletal 
muscle  may  bo  fewer  than  was  once  supposed.  Tho  statement 
that  a  sound  may  bo  heard  from  the  excised  ventricle  under  the 
circumstances  above  mentioned  has  not  been  denied;  but  its 
source  has  been  traced  to  the  action  of  the  heart  wall  against  the 
Btethoscope^i.  e.,  some  believe  the  imimfl  to  be,  in  this  case, 
of  extrinsic  ori^n.  Most  physician-s  would  be  very  loath  to 
abandon  the  %iew  that  tho  valves  are  nlwaj-s  to  be  laken  into 
inious  account  m*  a  factor  in  the  causation  of  the  sound. 

But,  looking  at  the  whole  question  broadly,  is  it  not  unreo- 
•ooable  to  explain  tho  ^ound  PMulting  from  such  a  complex  act 
u  tJio  contraction  of  the  heart,  and  what  it  implies  in  the  light 
of  any  single  factor  ?  That  such  narrow  and  exclusive  views 
should  bavo  Twen  propagated,  even  by  eminent  physiologists, 
should  admuniid)  the  etudeut  to  receive  with  great  caution  «x- 
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pinnations  of  the  working  of  complex  or^anfi,  ha^eA  on  a  single 
uxiK-riiii«iit,  observation,  or  argument  of  any  kind. 

Tliu  v'ww  wo  rwommond  the  student  to  adopt  in  the  light  of 
our  priMnut  kiiuwlotlgo  ui,  that  tho  tirst  itouiid  is  the  result  of 
several  oausativL'  factors,  proiuiiiout  nuiorit;  which  arc  tho  sud- 
den tenuiou  of  tht>  uuriculo-vvutrit'iilnr  valvu:^,  and  thu  oontmc- 
tion  of  the  cardiac  uiuhcU',  not  loavin^  out  of  tho  account  Uio 
possible  and  jmihable  influence  of  the  blood  it«elf  through 
eddies  or  otherwise;  nor  would  we  ridicule  the  idea  that  in 
dome  cases,  at  all  events,  the  sound  may  be  niotlilied  in  quality 
and  intensity  by  the  shock  given  to  the  chest  wall  during  sys- 
tole. 

Emdo-Carduc  Pbbssubbs. 

Bearing  in  mind  the  relative  extent  of  the  pulmomu-y  and 
systemic  portions  of  the  circulation,  we  should  suppose  that 
the  resistance  to  he  overcome  in  opening  the  aortic  valves  and 
lifting  the  column  of  blood  that  keeps  them  pressed  together, 
would  be  much  gi-eater  in  the  left  ventricle  than  in  the  right; 
or,  in  other  words,  that  the  intra-ventriciilar  j)ressure  of  the 
left  .Hide  of  the  heart  would  givatly  excwd  that  of  th«  right, 
and  tills  h  continnud  by  actual  experimont. 

By  meauH  of  an  instrument  known  as  the  majcimum  and 
minimum  ^anometer,  the  }iighe»t  and  lowest  pressur*' withiu 
any  chamber  of  the  heart  may  bo  learned  approximately.  As 
a  specimen  measurement  it  may  be  stated  that  it  has  been 
found  that  in  a  dog  the  greatest  pressure  was  140  ram.  of  mer- 
curj'  for  the  left  ventricle,  for  the  right  only  60,  and  for  tbo 
right  auricle  iO,  But  it  is  also  found — a  imittor  not  quite  so 
obvious — that  a  minimum  pressure  proportioiinti*  to  tbe  maxi- 
mum may  exist  in  all  the  chnmbcrs  of  the  hemrt ;  and  the  press- 
ure may  fall  heh^w  tlmt  of  tho  atmosphere,  or  b«}  ricj/u/tfe.  By 
the  sftme  method  it  wits  found  that  in  »  dog  the  negative  pressure 
varied  between  —52  and  —SO  mm.  of  mt-rcury  for  tho  left  ven- 
tricleauil  —1?  to  —Hi  mm.  for  tho  right,  with  —12  to— 7  mm.  for 
tho  right  auricle.  As  will  be  shown  lat^T.  part  of  thisdimirii«hed 
pressure  is  due  to  the  effect  of  the  respiratory  movements ;  and, 
indeed,  more  recent  experiments  seem  to  show  that  ordinarily, 
with  the  heart  )>eatiiig  with  its  usual  rate  and  force,  IIil*  nega- 
tive pressure  or  suck  from  its  own  action  is  compumtively 
slight.  The  dist^ussion  of  the  cause  of  this  negativu  prt-ssure^ 
like  the  relatoil  stihjivt  of  the  causci  of  the  licurt's  diastole,  baa 
given  rise  to  much  difrun<nc4^'  of  opinion. 
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Some  find  it  difficult  to  understand  how  the  heart  after  By»- 
tolo  may  rt^gniii  its  original  form  aj>art  from  the  aiUiihtAiice  of 
dtftstoHc  tntiKcleit.  wliich  aiv  ansuiuod  to  act  so  as  to  aotagoniM 
thoAB  Cttu!>ing  systo1t>. 

Others  think  t)iL>  ).>)astiotty  of  the  heart 'x  musclti  sufficient  of 
itaelf  to  account  for  the  organ's  return  to  its  original  form. 

But  there  is  surely  a  tni»conoeptiun  invuh'ed  in  both  of 
Uieee  Tiewo. 

If  nmall  jmrlionn  of  the  henrt  of  the  frog,  torloise,  or  other 
coM-hl<K>t)ed  animiil,  just  removed  from  the  iKKiy.  be  ohservod 
undera  tnirroscoiie  it  will  be  seen  thnt  they  nlteraately  con- 
tnu't  and  relax.  Now,  it  i»  only  necessary  to  mip]>osu  that  the 
n-dnxution  of  the  heart  iij  coniph-ti'  after  each  ttystolp,  to  under- 
stand  how  vwn  an  empty  huiirt  ri'gniuK  its  diitxtolit;  form. 

That  there  should  be  a  negative  pressure  in,  say,  the  left 
ventricle,  follows  naturally  enough  from  the  faet  that  not  only 
are  the  contents  of  the  ventricle  flxpelled  with  grent  mid(len> 
oeas,  but  tliat  its  walU  remain  (see  t'igs.  'Hi)  and  214)  ]>Ti-»iM>ii 
tocher  for  a  coiutidernlile  jiortiou  of  the  time  occupied  by  the 
whole  systole;  so  that  lu  ruluxatiuii  it  follows  that  thvre  must 


lUartn:  FtU/m  win*;  */,  ''.  n-inr— nlInK  llic  «.-(i<llni',  i  i- ,  •tino5lilitTlL'  iirwciin!  -,  llir 
UM^ffHMimlalDdkBUil  (.j-tljr  li-l^hi  r,<  iIicciittf  ■nipDiimbrr^go  ttn  IpR  i[i»r  Uie 
(■WMVa.  apiMuXInuWl;.  in  mm.  ft  mpniirr. 

bo  an  empty  cavity  to  till,  or  that  there  must  be  an  aspiratory 
effert  towanl  the  vpnlriole  i  hence  also  one  factor  in  the  closure 
of  tliv  semilunar  valves. 
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It  Ibuit  app«flT«  that  tho  he»rt  is  not  onty  a  force-punip  but 
also  to  some  t-xu-rit  a  mictiun-pump;  and,  if  so,  tho  a^pirutiiiK 
Bffpct  must  express  itsvlf  on  the  great  veins,  Inckiug  valves  aa 
tliey  do,  at  their  entrance  into  the  heart ;  hetioe,  with  each  dias- 
tole the  blood  would  be  «ucke<l  on  into  the  aaricleis  a  result 
that  is  intensifiixl  by  the  reapivalor^-  movoment«  of  the 
thorn  x. 

Belative  Time  ocDopied  by  tbe  Varioui  Phatei  of  the  C&idiac  Cycle. 
— Tbu  old  find  vahiiiblij  diagr^^  mpivducud  bulow  is  meant  to 
convoy  through  the  eye  the  relations  of  the  main  events  in  a 
complete  beat  of  the  heart  or  cardiac  cycle.     The  relative 

length  of  the  sounds;  the 
looiL[  period  occupiffl  by  tbu 
paus<> :  tho  duration  of  tb« 
ventricular  systole,  which 
it  is  to  be  obeerved  is  in 
excess  of  that  of  the  first 
sound,  are  among  the  chief 
fact«  to  be  noted. 

The  tracings  of  Chau- 
veau  and  Marey,  obtained 
f  rriro  the  heart  of  the  iKirxOi 
which  has  a  very  slow 
rhythm,  shuw  that  of  tho 
whole  period, the  auricular 
systole  occupies  ^  or  ft  of 
a  second  ;  the  ventricular 
systole,  I  or  -ft  of  a  sec- 
ond ;  and  the  diastole,  j  or  ft  uf  u  second. 

With  tho  more  rapid  beat  in  nmn  (70  to  80  por  minute),  tho 
duration  of  the  cardiac  cycle  may  bo  uslimnted  ut  about  ft  of 
a  second,  and  the  jirobable  proportions  ff)r  each  event  are  about 
these:  The  auricular  systole,  ft  of  a  second;  the  ventricular 
systtde,  ft  of  a  si-roiid ;  and  the  pause,  ft  of  a  second. 

It  will  be  not^id  that  the  pnuse  of  tho  lienrt  t»  equal  in  dura- 
tion to  the  other  ovuntK  put  t^tgethor;  and  oven  assuming  that 
there  is  some  expenditure  of  energy  in  the  return  (relaxation) 
of  the  heart  to  iUi  i>assivo  form,  there  still  remains  a  consider- 
able interval  for  rest,  so  that  this  organ,  the  very  type  of  cease- 
less activity,  baa  ite  periods  of  complete  reposa 
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The  Work  of  the  Hbart. 

8inco  t])0  prefisiire  aff»in»t  which  the  heart  works  must,  as 
we  fihall  800.  viiry  fivtin  mimiont  to  moment,  an<l  sometimes  very 
conjtidorMbly,  llie  work  of  tlie  Lenrt  must  alwj  vury  within  widw 
limits,  ovou  making  uUowanuo  for  Iftrge  odaptubility  to  the  bur- 
den to  b«  lifttKl;  for  it  will  bo  horno  in  mind  thut  tho  di>gree 
to  which  the  heart  frnpties  ila  chambers  is  alao  variable. 

If  one  knew  the  quantity  of  blootl  ejected  by  the  left  ven- 
tricle, and  the  r»t«  of  the  lieat,  the  calculntion  of  the  work 
donu  would  be  nn  easy  matter,  since  tho  former  multipjicd  by 
tht>  latter  would  rfpreHi>nt,  as  in  the  oiixe  uf  n  skeletal  muscle, 
the  work  of  tho  muiH-loii  of  tho  left  vfutricle;  from  which  the 
work  of  the  other  chambers  might  be  approximately  calculated. 

The  work  of  the  auricles  must  be  slight,  considerinK  that  the 
filling  of  tho  ventricles  is  not  dependent  solely  uim)h  Iheir  cun- 
tnctioD,  tliftt  they  empty  themselvea  very  imperfeplly,  ami 
that  thi*  tracing  on  Mawy's  curves  (Fig.  210).  representing  tho 
effect  of  their  contractiuu  uii  the  intravontricidnr  prc^muro  is 
but  Bmall.  Notwithstanding,  ox  they  largvly  dutcrmine  by 
their  contraction  and  the  quantity  ihcy  throw  into  the  veutri- 
cIm  how  full  the  latter  shall  be  iji  a  Kiven  instance,  they  really 
hftTe  A  very  targe  share  in  determining  the  total  work  of  the 
Teotrirlcs  and  the  whole  heart. 

The  right  ventricle,  it  is  estimatwl  dofti  from  one  fourth  to 
one  third  tho  work  of  the  left;  not, of  course,  because  it  throws 
oat  tees  blood,  for  if  this  were  tlie  case  the  left  side  of  the  he^trt 
must  soon  become  empty,  not  to  mention  other  disturlmncoH  of 
the  vascular  equilibrium,  hut  twcaiiM  of  tho  roltttivtly  less 
resistance  offered  by  the  pulmonary  veRsels. 

All  attempt*  to  etrtimate  exactly  the  quantity  ojecto<l  by  tho 
left  ventricle  seem  to  sliow  that  this  varioa  very  greatly,  after 
due  allowance  is  made  for  the  imfterfection  of  the  methods  and 
the  grrat  discrepancies  in  the  results  of  different  obdHr^'ers. 
Perhaps  six  ounces,  or  about  180  grammes,  may  be  taken  as  an 
averugo  for  the  left  ventricle  of  nmn.  Assuming  that  his  aortic 
blood-pn-MSure  i>i,  sny  200  mm.  of  mercury  or  3"31  metres  of 
blixxl,  tho  work  of  this  chamber  for  each  heat  would  be  ISO  X 
3"21.  or  fi78  gramme-metres.  If  the  heart  beats  seventy  times  per 
minute,  the  work  for  the  day  would  be  578  X  70  X  GO  X  24  =  .W,- 
863.400  gramme-metres.  Or,  upon  the  same  basis,  and  oi^Nuniing 
that  the  blocKl  makes  up  about  the  one  thirteenth  of  the  weight 
of  Iho  individual,  in  a  man  of  14-3  pounds,  the  whole  of  the 
le 
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blood  would  pafls  through  the  heart  in  about  thirty  boiils,  or 
in  1cw>  than  half  a  minute. 

Wben  we  calculate  the  work  iloiitf  by  thu  h4>art  for  ci<rlain 
ijttor%'»ls,  as  the  day,  the  week,  month,  ytiiir.  and  iwpL'cially  for 
amodonite  lifetime,  aiiri  eoni)tnre  this  with  that  uf  any  ma- 
chine il  is  within  the  hiyhect  modem  skill  to  construct,  llie 
groat  HujR-riority  of  the  vital  pump  in  oudurunce  and  workinj^ 
capacity  will  be  vury  apparent;  not  to  take  into  the  account  ni 
all  its  wonderfnl  adnpttitions  to  the  countless  vicissitudoK  of  life, 
without  which  it  would  be  absolutely  uoeless,  even  destructive 
to  the  organiiuii. 

Some  of  these  variationii  in  the  working  of  tbe  heart  we  may 
DOW  to  ad  vantage  consider. 


Variations  is  the  Cardiac  Pi-uation. 

Tliese  may  b«  ascertained  either  by  tho  investigation  of  the 
arteries  or  of  the  ItL-art,  for  (ivcry  considerable  alteration  in  the 
working  of  tho  hi'urt  ^'xprcsstw  itwlf  also  through  the  arterial 
system.  In  spL'iikiiig  of  the  pulsu,  the  reference  is  principally 
til  the  arteries,  but  in  each  case  we  may  equally  well  think  nf 
the  heart  primarily  as  acting  upon  the  arteries. 

1.  Tho  frefineHcy  of  the  heart-beat  varies,  as  miglil  bi-  .su]»- 
poaed,  with  a  great  multitude  of  conditions,  the  priiiripnl  uf 
which  are:  nye,  Iteing  most  frectuent  at  birth,  when  it  may  be 
140  per  minute,  gnuiually  wlnwing  to  old  age,  when  it  may  fall 
to  60.  In  fifble  oM  ngi*  tlie  iieart-lieat  may,  like  many  other  of 
the  functions  of  the  body.  appro.Kitmvte  tho  infantile  condition, 
being  very  frequent,  small,  fcflble.  and  easily  disturlwd  iii  it« 
rhythm. 

It  is  a  matter  of  no  small  importance  to  the  medical  student 
to  be  aware  of  Ihe  normal  rate  for  different  i>eriods  of  life, 
hence  we  give  below  n  pretty  fnll  statement  of  the  variations 
with  age.  Il  will  be  undi-rittoiMi  that  the  numbei's  are  only  ap- 
proximative, and  that  large  allowance  muitt  be  made  for  indi- 
vidual deviations: 


At  birth,  I3IK140 

At  4  years,  ll«-n4 

At  SO  years,  78-73 

1  year,    120-130 

6      "      84-&0 

30     "       7&-70 

2  years,  100-110 

10      "       90-85 

fiO     **       70-fl5 

3       "      100-  i>(> 

l.',      "      fiO-7R 

Srx. — The  cardiac  l>eat  is  more  frequent  in  females;  stature, 
more  f reciuent  in  the  short :  jtosfure,  most  rapid  in  the  standing 
position,  slower  when  sitttug,  and  slowest  in  the  recumbent 
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pnfltiirc;  Hfftsan ,  mttrv  fruqut'iit  in  stimiucr;  yurriW  of  the  ihiy, 
niwn.i  fn-qiimil  in  lliu  uftvniuun  and  evoninjf;  elevuiion  of  tem- 
perature,thein/tpiratorynci,tmotiu»a anil  menial aciivity,eaiing, 
muaeular  ej*rrcis€,  etc.,  rpiider  the  lieart-beats  more  frequent. 

3.  The  length  of  Ike  systole,  though  variable,  is  more  con- 
stant than  that  of  the  diastole.  The  estimated  limits  of  the 
systole  may  he  stater!  as  '327  to  "ilil  secon'I, 

3,  The  force  of  the  jmltfalion  varies  vt-i-y  grciitly  and  oxor- 
ri^os  an  ini[ioi-tant  intluvncv  mt  thu  bluud-pRissiire,  nnd  tlii* 
vvlocity  uf  ihu  bloud-stivam.  As  a  rule,  whuu  tho  heart  heats 
rapidly,  ospcciully  for  any  considerable  length  of  time,  the  force 
of  thu  individual  pitlHations  is  diminished. 

4.  The  heart^heat  may  vary  much  and  in  ways  it  ia  quite 
possible  to  estimate,  both  directly  hy  the  hand  p1ace<l  over  the 
organ  on  the  chest,  by  tho  niodiRcatinnit  of  the  rar<liac  sounds, 
and  by  the  use  of  instninifnls.  II.  is  wondiTfiil  how  much  in- 
fonuntion  nuiy  he  ronvoj-od,  without  the  employment  of  any 
in^lmmunts,  tlirnugh  pnl])a1ion  and  auscultation,  to  one  who 
has  long  in%'usligat«d  the  hvttrt  and  the  arteries  with  an  intelli- 
gent, inquirin){  mind ;  and  wo  strongly  recommend  the  student 
to  commenco  personal  observations  early  and  to  maintain  them 
p»r9ii<tcntly. 

Phywicinns  rd'ognine  the  pulso  (iiud  heart )  as  "  slow  "  as  dis- 
tinguished from  "  infrequent,"  "slapping,"  "  heaving,""  "  thrill- 
ing," "botiuding,"  etc. 

Now,  if  with  these  terms  there  arise  in  the  mind  correspond- 
ing mental  pictures  of  tlie  action  of  the  heart  under  the  cir- 
cumstances, well ;  if  not,  there  is  a  very  undesirable  blank. 
How  the  student  may  i>fi  helped  to  a  knowledge  of  the  actual 
iwluivior  of  the  henrt  under  a  variety  of  conditions  we  shall 
undodtvor  to  oxplain  lat«r. 

Apart  from  all  the  above  peculiarities,  the  httart  may  coaso 
its  action  at  regular  intervals,  or  at  intervals  which  seum  to 
poMess  no  delinit«  relations  to  each  other — that  is,  tho  heart 
may  bo  irregular  in  its  action,  which  may  be  made  e\ident 
either  to  tho  hand  or  the  oar. 

Therv  are  certain  deviations  fn>m  tliequicker  rhythm  which 
occur  with  such  regularity  and  are  so  dependent  on  events  that 
takes  place  in  other  parts  of  the  body  that  they  may  bo  con- 
siilered  normal.  Reference  will  shortly  be  made  to  those  and 
the  canws  of  the  variations  enumerated  in  this  section. 

Comparativ*. — The  following  table  gives  tho  mean  number  of 
cardiuc  pulsations  per  minute  (after  Qamgee) : 
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8I>BC-1E8. 


Borw 

AKanil  miilc.. 

Ox.   

8ho^  anil  goat 

"e 

]Nt- 

Cat 


'       Adalt. 

1 

Youih. 

36-  40 

«K  73 

M-  no 

«G-  75 

40-  r>o 

00-  70 

70-  BO 

8S-  OS 

70-  m 

100-110      1 

W>-100 

110-120 

IMKUO 

iao-140 

Old  icr. 

88-  Si 

4tt-  « 

55-  eo 
55-  eo 

«».  7u 
t0<^130 


The  varintiuns  with  ago,  for  tlio  horac  and  \hv  ox,  are  as  fol- 
lows, accurdmg  to  Kruutzer : 


Al  biniL lOO-JSO 

When  14  dnjrs  old 80-  08 

When  U  months  old 68-70 

When  U  iiiontlu  old W-  7S 

Wlicn  I  j-ciir  old 48-  IW 

When  2  ynara  old 40-48 

WliL-n  it  ]r«nre  old 88-  48 

When  4  yiairs  old 88-  SO 

Wlunagad 32-  40 


Ok. 

Atbirih »s-ias 

When  4-5  dnjv  old 100-]SO 

When  U  dar*  old W 

WhMi4-e<irM:ksold U 

When  0-13  month*  old SG-  68 

For  [he  young  cow , 4fl 

For  the  lour-jrearK>ld  oi. 40 


The  PuiSE. 

Naturally  the  intermittent  action  of  the  heart  ffivcs  rise  *0 
corresponJing  phenomena  in  the  elastic  lubes  into  which  it 
nmy  be  aairt  to  be  continued,  for  it  is  very  dcsirnblo  to  koup  in 
mind  the  comptet«  continuity  of  the  vaseuhir  sytttAin. 

The  following  phouomonu  are  on^y  of  obec-rvution :  A\^en  a 
finger-tip  is  laid  on  any  artery,  an  iiit«rrupted  preoimre  is  felt; 
If  the  vessel  ho  laid  bare  (ur  observed  in  an  old  man),  it  may 
be  seen  to  be  moved  in  its  bed  forward  and  upward ;  (he  press- 
ure is  less  the  farther  the  artery  from  the  heart ;  if  the  vessel 
be  opened,  blood  flows  from  it  continuously,  but  in  spnrt*?;  if 
one  finger  be  laid  on  the  carotid  and  another  on  a  distant  vo»> 
Bel,  as  one  of  the  arttricti  of  the  foot,  it  may  be  observed  (though 
it  is  nut  easy,  from  difliciilty  in  attending  to  two«vvut«  hftp- 
peoing  so  very  clone  togother)  that  the  beat  in  the  nearer  vee- 
sol  pracodos  by  a  slight  interval  that  in  the  more  distant. 

InvL'Htiguting  the  latter  phenomenon  with  iustrumentK,  it  is 
found  that  an  appreciable  interval,  depending  on  the  distAUce 
apart  of  the  points  observed,  intervenes. 

What  is  the  explanation  of  these  facts  ? 

The  student  may  gr-t  at  tliis  hy  a  few  additional  obsorvo- 
tioas  that  can  be  easily  made. 
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If  water  be  sent  tlirough  a  long  olastic  t«be  (si>  CNjiled  that 
poiiits  near  and  remote  may  bo  felt  at  tlio  wmie  time)  by  n  bulb 
syringe,  imitating  the  heart,  and  agaim^t  a  rtisislnnco  made  by 
drawing  out  a  glasa  tube  to  a  fine  [loiiit  and  iuMurting  it  into 
the  terminal  end  of  the  rubber  tube,  an  interroitlent  pressnre 
like  that  occurring  in  the  artery-  may  be  observed ;  and  further 


n*.  flA-^Muvy's  4pp4r4fua  Tor  bhavrkme  Ifac  mode  In  whioli  the  juJjh  Im  propunlAl  In  (ha 
KrWrtm.  II.  a  niliiwr  i>iiiiit>.  wlUi  tiUti*  u>  invvnit  rreiirgliiuiiui.  Tbn  «uAln|t  of  ihv 
•|iparalu>  •rllt  Iw  aiiiuiniit  froin  itu!  Iiwixvliim  at  Uh;  IlKutw, 

that  it  does  not  occur  at  precisely  the  same  moment  at  the  two 
points  tested. 

lufonuutioii  more  exact,  though  possibly  open  to  error,  may 
be  obtained  by  the  use  of  more  elaborate  apparatus,  and  the 
graphic  method. 

Fig.  216  gives  an  idea  of  the  main  features  of  the  pulse-trac- 
ings  of  an  arterial  scheme  or  arrangoment  of  tubes  in  su])po8ed 
imitation  of  the  conditions  existing  in  tho  vasculiir  systi-m  of 
the  raaninialiun  body.  Attimtioii  is  ei<pi>i-inlly  diriTtod  to  tho 
abrupt  asoeat,  the  moro  gradual  descent,  and  the  secondary 
w»Vf«,  which  are  either  waves  of  oscillation  or  reflex  wavea 

It  may  also  be  noticed  that  the  rise  is  later  as  the  part  of 
the  tube  at  which  it  occurs  is  more  distant  from  the  pump; 
aim  that  it  guts  gradually  less  in  height  and  at  the  same  time 
that  all  the  secondary  wav&i  are  diminished  or  totally  disap- 
pear; and  with  the  exception  of  the  hUter  these  results  hold 
good  of  the  pulse  in  tho  arteries  of  a  living  atiiiuul. 

By  measurement  it  has  bi'^cn  iwcertainud  that  in  man  tho 
pulse-wave  travels  at  the  rate  uf  from  five  to  ten  metres  per  sec- 
ond, being  of  m^urw  very  vnriable  in  velocity.  It  would  seem 
that  tho  more  rigid  the  arteries^  the  moru  rapid  the  rate,  for  in 
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children  with  their  more  elastic  arteriee  the  speed  i»  slower; 
and  thu  i<aui(i  principle  isaupposed  to  explain  the  higher  voloci- 
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no.  «ia.-PulB»«arrMilcBctIb«d  by  a  wrlm  of  uplinnuivraphlc  le*«*|dMed  tBam-ann 
ojuni;  oil  i-lnMk-  tiibo  Into  whtob  fluid  In  (umil  by  ltu>  urdili'ti  •tmlM  of  a  |Kiinp.  The 
nnymt  inil'rai-  ilii-  niiward  aBd  the  reflMrH  wans.  Thp  )[i»il<w1  niuii-iilni  Kiiit  iota)  or 
lailtil  ciiliitiloo  of  Ihp  iranaan  DOlewarUi)' (af l«r  Harry). 

ty  noticed  iu  the  srteriee  of  the  lower  extri>niitio»!.  But  with 
such  a  speed  as  even  five  metres  a  aecond  it  is  evident  that  with 
a  systole  of  mnilerat*  duratinn  (say  "3  second)  the  roost  distant 
arteriole  will  have  hcen  ivaclied  liy  the  puL-ie-wave  hefore  that 
^yvlolo  i»  complettfi]. 

It  ie  known  that  thu  blood-current  at  itx  8wiftei>t  him  no 
such  speed  as  thin,  n<jvvr  perhaps  exceeding  in  niaii  half  a  metro 
per  second,  so  that  tlie  pulse  and  ihu  hluo<l-current  must  ho  two 
totally  distinct  thintjs.  , 
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The  student  may  very  simply  iUuBtrat«  ttiis  matter  for  him- 
If,  By  tapjiiii^  Hhar])ly  against  a  pi]>e  throngb  which  a 
Irtream  is  flowing  !*Iow!y  mid  qtiietly.  a  wave  niay  l)e«eea  to 
arise  and  pass  with  coii»iilL'i-aljlu  vdocity  along  the  moving 
water,  and  with  a  spMic]  far  in  exc«tis  of  Itio  rai>idity  of  tho  tuain 
currtnl.  \VTil'm  (he  left  vmitriclo  throws  its  «ix  ounces  of  blood 
into  veKsel))  already  full  to  diiitention,  tlu>rL>  iuukI  be  cuusider- 
able  ooDcustrion  in  consequence  of  the  rapid  and  forcible  nature 
of  tho  cardiac  systole,  and  this  gives  rise  to  a  wave  in  the  blood 
which,  as  it  passes  along  its  surface,  causes  each  {tart  of  every 
artery  in  succession  to  respond  by  an  elevation  above  the  gen* 
enl  level,  and  it  is  thin  which  the  finger  feels  when  laid  upon 
an  arl«ry. 

That  thiTO  is  oousidiTalik-  di^tvntion  of  the  arterial  syutom 
will)  t-at'h  piilsv  may  t>u  n-alizt'd  in  various  ways,  us  by  watch- 
ing uud  fiwling  an  artvry  laid  bare  in  its  course,  or  in  very 
Ihin  or  very  old  peoplu,  and  tiy  noticing  the  jerking  of  one  leg 
Grossed  over  the  other,  by  which  method  in  fact  the  pulse-rate 
may  be  ascertained.  And  that  not  only  the  whole  body  but 
the  entire  room  in  which  a  person  sit»  is  thrown  into  vibration 
by  the  heai't'a  beat,  may  Iw  learned  by  the  use  <)f  a  tclesoopo  to 
observe  objects  in  the  room,  which  may  thus  bu  svou  to  bo  in 
mittion. 

Featiir«i  of  an  Arterial  Pnlte-Tracing. — lu  order  to  judge  otUie 
aature  of  arterial  traoiiigs,  it  is  imjHfrtunt  that  tho  vircum- 
stanrea  under  which  they  are  ubtaincd  should  be  known. 

The  movements  of  the  vessel  wall  in  most  mammaU  suit- 


no,  tl< —ManT^  Impfonxl  uphyitninirriipli  umiiicnl  fiir  lakliiK  n  IrmdnK.    A.  Uitil  nvrtnc; 
•,  HP*  li«i»»  :  C.  wTLlinif.luifiT ;  I".  lUi  tfvp  •riling  •■n'l  :  />.  ".-r-w  fur  hMnirl'ii;  "  In  fm- 
!■«  "tUi  C:  ".  •li'ln  wlUi  •molipd  imiwr:  H,  riotli  -     i!      i      ■ '■   ■    r.  •     n  . 
finaiii  ;  Jf .  ilM]  MutliiBtliur  Uiv  ainimnt  nt  (inaiuir  h 
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Flu.  XII-DlurnRiiiiUli:  n-liniis  Hhinvliis 
Ui4>  i^^w^lilUj  |vin  <>f  O"'  Itinlrtlllaflit 
wbfMi  Lii  workliu:  orilL-r.  Tliif  kulfe-pilE^ 
B".  vt  thv  ib-in  lf>irri>  in  PonlAct  irTtJi 
Uu-  wrliluK*b'«>r.  c,  En'ry  luovHnraC 
(if  r-hf  Bbvl  BiiriiiM  111  ^".  commuDlc*' 
l*<l  b}-  ilir  nnpnm.  vlll  tv  Impartwl  M 
the  witilDK  lt-n>r  iUttdid  Brunwriit. 


able  for  experiment  and  in  man  is  so  slight  that  it  becomes  D' 
cessary  to  exaKRerate  tbt'iu  in  the  tracing,  henee  long  levers  a 
u-sod  to  accomplish  this. 

The  aphygniKRraph  is  the  uaual  form  of  inatniniont  om- 
ploye«l  for  the  purpose.  It  conalsts, essential ly,  of  a  clock-work 
for  movtiiK  a  smoked  surface  (mica  plate  eommouly)  on  which 

the  raovvmontM  of  u  lovuMip, 
ausworing  to  thosu  of  a  button 
placed  on  tho  artery,  aro  re- 
corded. 

Considering  the  nature  of  the 
pulse  and  the  apparatus  em- 
ployed to  wi'ite  its  cliaract^T?,  it 
will  be  seen  thai  tlio  poititibltf 
sources  of  error  «r«  iiiimL>rou& 

Different  obsiTveni  have,  as 
a  miittiT  of  fact,  uven  with  the 
sanip  sort  of  instrument  obtainwj  tracings  differing  not  a  little 
in  character.  As  the  subjoined  figures  shnw,  the  pressure  ex- 
erted upon  a  vi-asel  may  so  alter  the  result  that  entire  features 
of  the  tracing  niiiy  actually  disappwtr.  The  sphyginograph, 
<)ven  in  thu  moat  skillful  hands,  has  pi-oved  somewhat  disap- 
pointing as  u  phyifiologlcAl  and  especially  as  a  clinioal  instru- 
ment, though  it  it)  not  without  a  CTtain  value. 

We  shall  do  well  to  inquire  whether  there  are  any  fealu: 
in  common  in  tracings  obtained  in  various  ways,  and  which< 
have  therefore  in  all  probability  a  real  foundation  in  nature. 

An  inspection  of  a 
large  number  of  pulse- 
tracings,  token  under 
diverse  conditions, 
seems  to  show  that  In 
all  of  them  there  oc- 
curs, more  or  less 
marked,  the  follow- 
ing :  1.  An  upward 
curve.  2.  A  downwui-d 
curve,  rendered  irreg- 
ular by  theocciirronco 
of  jjeak.-i  or  crests  and 
notches.  The  first  of  these  are  termed  the  predicrotic  notch  and 
crost,  and  the  succeeding  ones  the  dicrotic  notch  and  crest. 
The  Utter  seem  to  be  the  more  contitant. 
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»^o.  aiO.-r«liiciriiolui(  trom  mrollil  anfrr  of  hiwlilty 
mui  laflur  Hoi-iui).    t. <<iini ii-inivui  vt  rzpwiMua 

■CTwim:   /r,  |ir«lii-muc  "it- niilnry  itotc  ;  p.  BM6b 

■bofv  In  thu  miuir  by  »  luulnercirli  'lib  I>a  iloubla 
vIbnUliiiH  lu  a  khiuuI 
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That  thosu  are  geniiino,  answer  of  real  and  correspondinK 
elevations  of  the  art«niil  wall  utid  of  Uio  blood-current  it»i-it, 
spenw  prutiiiblo  from 
t3io  stuiLy  of  n  hctmau- 
fogram.  The  latter  may 
be  obtained  by  allowing 
the  blood  from  a  cut 
artery  to  spurt  against 
a  piece  of  pajHti'  drawn 
in  front  of  the  blood- 
stream.  It  1.1  also  atu 
MjTlwl  that  by  a  tele- 
phonic connection  with 
an  artery  both  th«  pri- 
□uu-y  pnUc^-vavo  and 
the  dicrotic  wave  may 
be  hemrd.  Miirv  nut'ly 
there  aro  inturruptious 
in  the  first  upward 
i-urvH,  turmod  attaerotic  curves,  an  distint^uisUcd  from  those  in 
the  downward  curve  known  us  ktilocrotic. 

It  has  been  generally  admitted  that  the  first  marked  upward 

cur\-o  is  due  to  the  systolic 
shock. 

The    following    are,  in 
briff,  8oim>  of  III©   views 
tbat  have  bt)L-n  outuitaiuud 
ia  rcfcard  to  the  minor  fonturcs  of  thu  trm-ings; 

(a.)  That  the  predicrotic  wave-crest  is  owing  to  the  suddeu 
arrest  of  the  flow  from  the  ventricle. 

{b.)  That  the  dicrotic  wave  is  a  wave  of  oscillation. 


PtK- nD.'Puliic^urTenrMD  nulUI  at  mmo.  Tikua  wIUi 
■o  ■alMm-v»rul>f  pTMHun-  of  TO  uim.  tit  iDcrcnrr. 
Th«  onrvad  IMatliptrd  lltiM  >hnw  iiwdlnUiHirrnini 
OWMiMbM-tDUmvof  lhr'>-hlcr  phBHa  of  Uw  pulw- 
irarr.  ir.  ibe  coiamMuvnu^Dl.  uiil  A.  the  cIdm  oT  ax- 
jancliin  of  ansTr  :  p.  pmlii^rallc  nHeb :  d,  dicrotic 
Datcb :  C.  dlvroUu  ''tml :  D,  (nMt^Uonrtlo  CnM  :  /, 
tlin  jh.nii'(|ji>rulii'  nttld'h. 


Vvwvv 

Fm.  ML—AanavOe  piil»4racliut  trom  aarxUl  at 
rabUL 


.  Ittt  — Tiio  |cml«  of  uiorlCMl  iliDmllinD  Id  nilU  inilw  of  imui  (typhiM  fcrrrl. 

(c.)  That  it  is  a  wave  of  reflection  from  the  ix^iriphcry, 
((/.)  Tliat  it  is  cauxeil  by  thu  suddLm  closun)  of  the  aortic 
valvos. 

It  appears  to  ho  now  pretty  well  af^t>e<l  that  the  theory  of 
nill(-<-tiou  is  untenable  on  physical  princi]des;  that  a  high 
blood-pressuro  tends  to  render  the  kutacrotic  markings  les-s 
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diitiiict.  Mid  tlw  rvrvne  when  the  pressure  i»  low.  tu  aftor 
luBoiorriiages.     Tbrao  fmtorm  «i«  sspsoially  mark'xl  in  tlu> 


r». 


■Ipol* 


TV  la  the  aeau  IMa  a*  de^. 


tiirrottc  pul«u  of  fever,  etc.,  when  the  blood-pressDro  18  low  and 
may  be  rt>eot^tiU'c]  e\-eii  by  the  hand.    Tby  Anacrotic  ore«t« 
Mild  notchtK^  are  ahDurmjtl.  ami  probably 
duo  to  excessive  rigidity  »(  tbi<  urtpritw. 

Certain  it  is  tbut.  vrilhuut  any  changvj 
in  the  beart-lieat.  cbangM  in  the  tracingti 
may  arise,  owinp  to  Diodificatimi*  in  th»j 
ptripbcry  of  tht-  vascular  eystem,     Wt>  do 
not  propose  to  discuRB  the  abovo-mon- 
tioned  views  of  the  causation  of  the  minor 
featured  of  the  tracing;*  tu  dvtail,  about 
which  the  (greatest  dilTerenoee  of  ujmiioa 
if  all   the  characteristics  of  an  nrtvrial 


tnqtMldi    Mdoc   bnoi 
ifea  Mowiltng  swla  in  a 

«MB<f  MMIlI^ 


still  prevaiL  E*'im 
tracing  could  Iw  ob- 
tained from  an  arti- 
ficial schema,  it 
would  not  follow 
that  the  conditions 
in  each  case  were 
the  same ;  in  fact, 
as  wij  view  tho  mat- 
ter, it  Would  ho  all 
but  impiiKsiblo  that 
such  should  be  the 
case. 

Rubber  lubes  are 
not  couifMirablv  to 
artvrifit;  and  i«|>0- 
oiully  not  to  artori- 
olox  aud  capillaries. 
Bearing  in  mind  the 
peculiar  nature  of  the  blood-oorpusclos ;  their  rolatioa  to  the 
walls  of  tho  vcissola  in  which  thoy  tluw;  the  rulatioii  uf  the 


Fm.  MB,— Ipfnenar  or  cbann*  la  tbr  iipfurp  amlM  M 
tbp  fxtrrintul  tiio  >T*M7r'i'i<r«-i«wiiUri«lfc*T<itmilt 


lb.' 

TTBTL  nith  AH  I'llri-vl-ridl  tin^vun* 

In  a',  to  iu  oiin.,  slid  I*  a",  hiWDiiu.  aurtnuj, 


u.  Iniiri  Uir-  isiIibI  ■•!  m  Mian  at  (mi 
idl 
hi 


I  at  (i»a(r«|iTM 

of.  In  a.  A  OMH. 
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I 


FUL  m — Dhrottc  pukw-curw  due  !■>  luBiTiurThiwi*.  Frum 
CWOCU  of  rabbit.  wHb  vxln-vuriitar  |irnMir*  vf ,  Id  <i, 
ID  mm.,  b,  of  *"  mm.,  r,  ot  S  mm,,  ami  d.  ••!  10  mm. 
lapreunr,  iThla  aiiil  tha  preoolliiB  lU  UhIdeb  (mm 
FiMter.) 


blood  to  the  nutrition  of  tho  tieeoos;  t1iP  ftuzt  tliat  aU  the  tuboti 
that  compose  tbo  vascular  syjttfia  ttru  miwlu  u)i  of  living  cclU; 
that    flome    of    those 
c^IIh  (in  arterioles  and 

EtES^  4i/lM/  ^/U^M\A 

com)ili<m8  of  thP  cir-     t^/VjCjV^JV, 


culiition  lis  »  wholu 
are  sui  gcturiji,  bo- 
cause  of  thoir  vitulity 
— it  jseeioii  to  u;;  aiqru^ 

iag  that  pun-ly  pbyi^icnl  i-xplaDutiuuH,  sucb  us  wuulJ  answer 
for  a  pump  and  ael  of  rublwr  tubes,  sbuuld  ever  have  be«n 
deemed  iMtUfactory.  Thu  wholu  subject  seyms  to  be  involved 
in  a  gross  misconception,  and  should  be  regarded,  we  must 
think,  from  an  entii-ely  new  standpoint. 

V«aou  PbIm. — Apart  from  the  variationa  in  the  calilxtr  of 
the  fireat  veins  near  tlie  heart,  con.'«tituting  a  sort  of  pulsie, 
though  due  to  variations  in  intra-riinliac  pressure,  a  venous 
pulse  proper  i«  rare  as  a  normal  f«>.lun%  Oiio  of  thu  bcet- 
kuuvrn  pxaniplcs  of  i«uch  occurs  in  the-  salivary  glaud.    When, 

■  during  itecn'tion.tbe  art«riol«»  are  greatly  dilat«<l,  a  jmlse  may 
b«  witnessed  in  the  voins  into  which  the  capillarios  o[)en  out, 
owing  to  diminution  in  the  resistance  which  uKUally  is  fnifli> 
^m  cieiilly  great  to  obliterate  the  putse-wave. 
^^  Fatliological. — In  severe  caiies  of  hcart-<1iH«ia8u,  owing  to 
^^hMtfdiac  dilalntion  or  other  conditious,  giving  rise  to  incom]w- 
^V%ncy  of  the  tricuspid  valvtw,  tht-ro  may  be  with  each  vt-utricu- 
^B  lar  systole  a  back-fiuw,  visible  in  the  veins  of  the  neck. 
^1  A  venous  pulse  is  a  phenomenon,  it  will  be  evident,  tlint 

^^    always  demands  special  investigation.     It  means  that  the  usual 
^M    bounds  of  nature  are  for  some  good  reason  being  over-stepped. 
^^         OompumtiTt. — Bffore  entering  on  the  consideration  of  phe- 
j.,        iionienn  llial  all  are  agreed  are  purely  vital,  we  call  attention  to 
H     the  circulation  in  forms  lower  than  the  mammal,  in  order  to 
^^     give  breadth  U>  the  student's  views  iiud  prfparo  him  for  the 
special  investigations,  which  must  be  referred  to  in  subsequent 
chapters;  and  which,  owing  to  the  previous  narrow  limits  (ro- 
Mnrrhes  upon  the  fri^>g  and  a  few  well-known  mammals)  having 
Kl  last  bti-n  overl*«]M>d,  have  openeil  up  entirely  new  aspects  of 
omliac  phy.siology — one  might  almost  say  revolutionized  the 
inbjcct 
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Owing  to  the  litnitations  of  our  spac^,  the  referenced  to  lower 
forms  must  bo  brief. 

Wo  i-ecommeiKi  tlif?  student,  liowpver,  to  pusb  the  subJL-ct 
further,  and  ©spocially  to  carry  out  some  of  the  experirofntu  to 
whioh  attention  will  be  directed  very  shortly. 

In  thu  lowoiil  or^nuUiiis  {Iv/tieoridtif:)  reprtwouteil  by  Aiiius 
ba,  Vorticella,  etc.,  there  are,  of  coursf,  no  circulatorj'  organs, 
unless  the  pulsating  vacnoloa  of  some  forms  murk  the  enide 
beKinntngs  of  a  heart.  It  will  ho  borne  in  mind,  however,  that 
there  ii«  a  oonstant  streaming  of  the  protoplasm  itself  within 
the  orgaiiiKiu. 

Amons  Ctplentei-ates  (Figs. 254,255)  the  ilvfefitiTe  stystera, m 
yet  but  imperfei-tly  (leveloppfl,  xeems  to  embody  in  itself  a  sort 
of  cnnibi  nation  of  the  functinasof  the  preparation  and  distribu- 
tion of  elaborated  foo<l;  and  it  is  worth  while  to  note  that  even 
in  the  higheet  animali)  thu  digi>stivu  tract  remains  in  close  con- 
nection with  the  circulatory  system. 

The  heart  is  first  represented,  as  in  worms,  by  a  pulsatile 
tul)e,  which  may,  as  in  the  earth-wonn,  extend  throughout  the 
greater  part  of  the  length  of  the  animal,  and  ha*  usually  dorsal 
and  vi-utral  and  transverse  connections. 

The  dilatations  of  the  trnnsverHO  portions  in  one  division 
{meiamere)  of  the  animal  seem  to  foreshadow  the  apiiearanoe  of 
auricles. 

The  pulsation  of  the  dorsal  vecLsel  in  a  large  earth-worm  is 
easy  of  observation. 

In  the  molhisks  the  heart  consists  of  a  ventricle  and  one  or 
more  auricles,  and  these  chaniliers  give  off  and  receive  largv 
ve«M.-l8  (Fig.  aaj). 

Theso  hearts  may  bo  observed  pulsating  with  the  naJced  eye 
or  a  lens  in  the  clam,  oys|i.T,  or  snail,  and  are  to  be  lookvd  for 
in  the  first  two  on  the  side  of  the  animal  toward  the  hinge  of 
the  shell. 

It  is  worthy  of  note  that  in  cephalopod  mollnsks  (Cuttle- 
flsh,  Pouli>e)  there  are  branchial  hearts,  which  may  bo  i-e- 
garrled  in  the  liifht  of  pulsatile  venous  expansions,  a  remnant, 
perhaps,  of  conditions  found  in  lower  forms,  in  which  wo  have 
seen  that  the  rliythmically  contracting  tube  plays  a  pruminuut 
riflp. 

In  amphioxu8,  which  is  often  inslnncod  as  the  lowest  verte- 
brate, the  blood -vkssuIs,  including  the  portal  vein,  are  pulsatile, 
while  there  is  no  distinct  and  in-parute  hwirt ;  but,  in  connection 
with  the  above  observations  iu  ccjihalojjods,  it  is  to  he  re- 
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marked  that  in  tJjis  creature  there  are  contractile  dilatatiooa  at 
the  ba^es  of  thf  branchial  arteries. 


FHl  tC^CIrmlatmj  aod  Mcn*0T7  <>rj(iuni  of  Ih-- i-iiltb^niih  (firfii'i  nffirinnUti.  rtcnt.!  rrani 
i>w  diinnftl  *Ub  itStet  UuDtari.  Br.  ginm :  (.'.  Tro'rli^tf ;  Aa  nnil  An',  naixrlur  u>d  piaM- 
rtoT  wmB:  r.  lotend  rain ;  tV.  uitOFlar  vcoa  cava  :  tV".  i>ca>ri1or  •fuu  i«Ta;  ,V,  cvnal 
•ponidMR*  of  thn  MdiM:  P/r.  ailmhant  Iirauuhlol  mwlk  (brttnchlal  arti'ttwi;  AA. 
hrMWliuI  bnn;  Ap.  •■■pimdlw*  of  (fa*  mmt:  At.  Al\  aurli'lra  n'^-lnnic  ihv  iviehrat 
"  ■  *  ItjfmJiPliul]  rvIM). 


In  some  Ascidiantt  the  hi-art  is  of  a  ^micwhat  creecentic 
form,  and  has  the  remarkablo  property  of  beating  for  a  time  in 
one  direction,  then  stopping  and  reversing  its  rh^rOmi-  In  & 
trnn»iMin<nt  specimen,  under  the  microscope,  this  can  be  seen 
udmirably. 

In  the  crab  the  heart  lira  within  u  poric^ardium,  loosely  at- 
tached, the  main  vesseU  b«inK  counoctwl  with  the  pericardium 
nnd  not  directly  with  the  lieart.  The  heart  sucks  its  blood 
from  the  pericaniial  cavity  thronRh  four  valvular  ojieninKa, 

In  8uch  a  creature  as  the  scorpion  there  is  a  chambered 
li6art,vrith  a  division  for  each  principal  segment  of  the  animal's 
boily  (Fig-  308). 

\N^ilu  in  mtdlu»k«.  oru^tocoaus,  and  othor  groups,  the  vns* 
calar  system  does  not  form  a  connected  whole,  the  scorpion  is 
exceptionally  advanctid  in  thia  raspect,  being  provided  with 
capillaries,  or  tubes  closely  representing  them.  Among  most 
of  the  invertebrates  the  blood,  after  leaving  the  arteries,  passes 
into  rather  wide,  irregular  spaces  among  the  various  tissu<^is. 
from  which  it  is  taken  up  by  the  veins  without  the  intervention 
of  an  intermediate  set  of  vessels. 

The  circulatory  system  of  an  insect  or  cnistaoean  may  be 
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viewed  microacopioally  in  aquatic  forms,  which  ore  often  quit* 
tranKpareDt,  especially  in  the  larval  coitditioo. 


mu 

£ 


Although  tlie  respiratory  s)-HU>m  will  Ijb  tivated  fi-om  the 
comp&rativo  point  of  viow,  the  student  will  du  well  to  note  now 
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Pm.  Hb— iXMCnun  ■>f  Uia  dreulMmn  nt  a  TrlcealfaiD  nilifClniiiit,  ■'.  n-nlrlrli? :  Bn,  Tmlhiu 
atWlMHi^  villi  Itivartortalan'linxrlm'IiOMTT  the  lilmlio  the  Elllai  Ah,  anrrliil  uti>n ; 
J*,  BDHs  >lm.v<idrni^  InUi  wMon  Uic  «ilbruii.'liljil  unorlm  jhuiIiii;  umi  froui  tlie  stll* 
unit*  -.  K,  kMutiyt ;  1.  latcnlne :  ft,  porW  drculnuun, 

(in  thti  fibres)  the  closd  relation  between  the  organs  for  dis- 
Iribttting  sod  aerating  the  blood. 


rin.nt 


rut.  m. 


.X~'n>-Knrri»itruDyM  ana  ihi-ir  tiinlB  Lnini.-liuii  In  Uir  fme 'Itanii  ueiiitfils).  1  ■  1|. 
(Hiiaw.)  I,  Hpiztiul  iivtrl :  f- c.  i^iiinciiim-tAmUil  ^wiiftj  :  j>,  m.  iiuliiioctJtiUHKiiia  artvfy  ■ 
r.|f.  fsrotld  lUnil ;  nv'.  rt^ht  aurldp:  uM".  Ipfl  HiiDrli- :  r.  ri-nirM> :  tr.n,  Otmrortr- 
tvffaaiv :  jhiI  .  pulmonary  ;  tg^,  left  lutyE  ■  *v>' '  ^<*f^  ai<rlJL'  nrvh  ;  ^^>  brachial ;  oh^  tuIa- 
BMttft'.  if^iK»4  ilomal  aorui;  e^e.  ctPll«Ofr<ncapjitrfln  ;  f^',  o-fllno  ;  hp.  h<-|AtJo  ii-hvIa  ; 
o,  fBnirk  :  fir',  pftikcn*A :  m,  n^v9»aiM^s :  i|i,  itpluiilu  i  <Ju',  tlirmlnml :  A,  lui'ici^irrl' 
IT.  I^wl ;  Av,  hypoc^htnc ;  f .  tK  cnnniM'Uiad! :  *v.  miud  :  k,  kt^lnvy  ;  ri.  ^iirTinHhi' 


{  i|i,  Hpluulu  1  <Ju',  tlirmlriml :  A,  lui'i(i4irTh(Hiliil ; 
FMk_ni.     V(*nti>  irank*  ami  ibrir  nwin  tin>or?li«*  in  ihr  lr»K  iMirrui  rfulriirm     i  ■  If 


IBWHi  I,  llneual  nin  :  r  ],  ri'cmiil  ]iiirutv  :  In.  liiiHUninnW  :  i.j.  IuItdbI  JueiiIu  : 
t.tr^  >ilfaMcH]rniur  ;  vr.*:  tfiia  OAva  «u|j<-rior  ;  a.  c.  ttuu*  *uii(«uii :  A/i,  tiPMlic  :  h-^  tIjeIiI 
M«  «*  Itw  ;  IP"'.  lofl  lul"'  of  l!>»r  :  |.(.  c,  iviia  ni«B  liifBrt'ir  ;  <"■,  ntariaii :  if  (,  ilof«t 


1 :  p^,  rtfiil  BplTlc :  n.  Tmi.-nl  T  -I'll,  l>^,  uni-rlnr  ni-li'mnml  i  ir.  Btnlomltml- 

■OHbI  ■iiuliiliiiiall  1  ff',  lb«l :  aji,  iplnik- '  f/u'.  ■luodf.Tal  l  '   >"'.  lli-n'>lnlr4lliiBl :  if.  IW- 
M« ;  ^  porul  I  W- 1^  luoc :  jn>'-  I'uliiiuiuu'f  ^  ni.  en.  miiwulavuiimuuui ;  br.  brachioL 
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Passing  on  to  tho  vertebrates,  in  the  lowest  fn^up,  the  fishes, 
Uie  heart  consists  of  two  chambers,  an  auricle  and  a  ventricle, 
tlie  latter  beiuK  supplomeiitocl  hy  an  extension  (buUiu^  arttrh- 
vim)  pulsatile  in  certain  species;  and  an  examination  of  the 
course  of  the  circulation  will  show  that  the  henrt  is  through- 
out venous,  the  blood  bein;^  oxidized  in  the  g^Us  after  leaving 
Uio  former. 

Among  the  amphibians,  represented  by  tho  frog,  there  are 
two  auricles  separated  by  an  almost  complete  septum,  and  one 


/>fe 


»--• 


Fla  911. 

Vvt.  Z3V.  -  Tilt'  frotcV  tirMin.  fiwii  from  Khr  frrml.  (h/*  m'lnic  uvh^  of  UtP  lefl  flctr-  liAt'iuj;  Ihvo 
rr-iiiovi^l.    I]  v  1. 1    fii,  oap^tld  :  r.  ^r  ean>tl-1  i^taii'l ;  ao,  aariM  :  ntt',  rlftbl  aijht-l--  -.  u»". 

trunk;  h',  Ini^ani4 jiJti*rlcvtiH;  i',  v*-x»irifi'' fHcfM**ih. 
fto  SV1.  -  Till' nam--,  ip^r-n  tf"n  lifhiiiir  (hi-  xtnij*  »^»ori»m  haHiijr  hen  npcnod  iii>  to  iiha*r  itm 
■ll]U-nurli-ulA.r  Titlvtn     li  >  i  i    fy  r,  itufjjionnrv  Trin  :  '.  i\  hidub  virntwu*  :  i%i",  hIuu-au' 
Hculnr  tdIto.    OUicT  Murlau  u  iu  FIk.  SN  (Bums), 

ventricle  characterized  by  a  spongy  arrangetnent  of  the  inu8- 
cle-fibent  of  its  walls. 

In  the  reptiles  the  division  betwi-on  the  auricles  is  co»ipl(*t«, 
and  there  is  one  ventricle  which  shows  imiwrfet^t  subflivisiouB. 

In  tho  crocodile,  however,  tlie  heart  consittts  of  four  per- 
fectly divided  chambers.  Of  the  two  aortic  arches,  one  arises 
together  with  the  puhnonary  artery  from  the  right  ventricle, 
and, OS  it  orot^es  ovcr.tho  left  communicates  with  it  by  a  small 
oponing.  so  that,  nIthouKh  the  nrt«rinl  and  the  venous  blood 
are  completely  separated  in  the  heart,  they  intermingle  outside 
of  this  organ. 

In  birds  the  circulatory  system  is  substantially  the  same  as 
in  mammals ;  but  in  all  vertebrate  forms  below  birds  the  blood 
distributed  to  the  tissues  is  imperfectly  oxidized  or  is  partially 
venous. 
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An  an  t:'3cniiiplo  uf  liits  influL'iKro  of  vidv^s  anil  of  liU)o<]-pr€«s- 
ure  OQ  the  distributiuu  ul'  tUu  blouJ  wu  iuhv  tiikv  thu  chuv  of  the 
turtle,  in  which  the  sultject  has  boon  most  cjirufiilly  stiulivtl. 


rM.w. 


riu  -IK. 
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i.m  — Tlv  kaatt.  illMMMd  tram  Hi*  frnnl.  Iti>-  n-iiUal  mil  fioit  <iii<<  >ir  f lu>  Kiiriniln.vNi- 

r  pyltmiffnm.  ttifwn  tbr  eaaiwe  \akro  by  Hw  MckI  Dna-uiic  ini"  iIu>  mmiirl  ami  niirilc 

HIuiiu.     <v.  in'iukaiEliiDk :  |r.  i-*.  *|irrturr  ui  t^iiiry  ur  |>uUj^ortiLry  yin  :  \n'\  niuuAurk'titar 

l«sl>i> ;  n  ».  uitiir*urii.'Uliir  mifuni ;  ru-.  mihi-ulovrntrhiiliu'  vulve  :  mi,  ».  m-mi  lunar 

fralirni  -  jt-f- yylutaUim  ;  i<i  I,  ri>ntftlij<htiiil  vaIvp  Ivjiluini  (if  pj'laTLgEuiii ;  p.tv\  |Kitiil  <if 

'  orltfli^"' imfnHxiirAOfrpiiti  (niiik  JtoHra  r 

TtU.  IB.    I  Inn  snl  nri-rrli-K  i^r  a  n-iilil«  ibiiii<     i,  rliclii.  nort  1.  Icfl  niirlrlr^  r.  okmllil  anrrj: 

<ii.  nie^i  fr'tflli:  Afvli :  'A.  tvfi  aoctlL-  btiL  ,  ^r,  iiiihjiMiuirj  aricry  ,  r".  rltfhT  vpua  vavu  :  ff, 

Wi  iMui  i-iia  (upprlor.  vi,  vuiw  <n>va  liifrnnr.    Tliv  orrum  luiUcato  llir  t'lunn  of  Ui« 

dnaiiatluii  inftofOi^Bnliaur). 


The  structure  of  the  li«fii-t  and  tla*  ri4ations  of  ita  mftiii  ves- 
sels, etc.,  will  [mihably  be  »uftirii>iitly  dear  u[>i)ti  an  exnniinn- 
tion  of  the  Kct^oniiianying  figiircvt  iiml  thiMli:i8cri|>tioii.'ii  iK-UL-ath 
tbeni. 

The  rifcht  and  left  nuriclex  pour  their  blood,  kept  somewhat 
apart  by  valves,  into  tluxYiiMim  vfinmtum. 

Two  arterial  nn-hti*  arisu  fnnu  tlii>  riKht-hand  part  of  this 
n-gion.  whilv  tin-  imlnidurii'v  artwry  is  a  branch  carrying  off 
bUxjd  to  the  lungx  from  tho  cavum  pidntouf.  No  vesselx  arise 
from  the  itwiim  arleriostim. 

Sinrn!  tho  blood  flows  in  the  direction  of  l^aat  roHistnnco 
when  the  veutriclit  contracts,  the  venous  blood  of  tlie  ciivum 
>'enotium  passes  on  into  the  pulmonary  artery  in  which  the 
pTWHttrr  ia,  uf  ooursG,  lower  than  in  the  aortic  arches,  but,  as 
tb«  qritole  continues,  the  arterial  blood  of  tho  cavum  arterio- 
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sum  crtjwdH  on  the  venous  hlooii  ftiid  passeB  itself  with  mrmo  of 
the  darkar  blood  into  the  aortic  vwisels,  in  which  the  urrange- 


ria.tx. 


Pia.  m^RoR  ami  ularlni  «t  «  lurltir  (ChttiOray  rjt.  rlibt  iiTiImnDBrr.  kod  In.  Irft  pul- 
■nnnarjr  iirt«7  ^  uIIht  l.'ttt'n.  i.l«>  imm- ■ilj;uint«H''n  »"  1"  '1'P  iiri'Vl.nu  flmin' l&ftor  Utcfd 

FlQ'  STT.  fff'Art  ^(  m  tiinifiCltrlour  laiitijM  A.  Ittnvtttg  Irattt  itnliin-.  rlif  wiitnu  fjici*  -pf 
Ilu  Tontrtclu  bi-lna  luiil  open.  B.  DUKnim  plplnnolnrj  ot  thr  rln-iilsllmi  I'.rrrj-irhfn' 
Oa  arruiiii  liiill--uiu  tlir-  ujurw  ibi-  lilaod  lakvs.  H..I.,  L.A..  rlirlil  >nil  Ml  ourifW 
tr,  thf  nithl,  i'  Mil-  li'(l  nii'dUiu  «iiriailo-voiii7ltul«T  v&ltun  C,  r,  ((ii'irni  iTiKwnni  C  ik 
niruni  jiu'inon")'  a.  til-'  liinini|ili<U>  ■^iiiii  vlili-h  itlrlili'n  thf  <*vuni  iiulinonnlr  (niii 
1^  nMt  nt  tikr  onvK.v  'if  liiL*  vrntnolp,  /  A.  piilinmivr}-  AttTj.  /f.  .4a,  /.,  -!■>.  nicbl  aueI 
tolt  nortiir  lartrr  l!uiili.->-i. 

ment  of  tlie  valves  assists  materially.  Nolo  that,  a»  tlio  «>-«tolo 
BdvanceR,the  imperfect  septum  betwneu  the  Pa\-um  pulmunum 
and  ca^Tim  veiifiRiini  approaches  the  hack  of  the  heart  wall,  and 
thus  t«i\t\»  toshiit  otT  thiM'aviiiii  jmlinono  from  the  purer  hlnod. 

As  a  reniilt  uf  thn  entire  arranKement,  the  leiutt  o.xidixed 
blood  passt-jt  to  thit  lutigs,  and  the  most  aJirated  to  the  head  and 
Ulterior  parts  of  the  aiiimiil. 

In  Ihe  frog  ami  other  crwitiires.  wi(h  llirtf  imperfectly  sepa- 
rati-d  licnrt  cavitii-s,  a  tiimilur  rveiill  i»  uttainHl. 

Thu  rencmblanc-os  in  8uvh  case»  to  the  fa>tnl  conditions  in 
mammals,  iucludinj^  man,  will  be  apparent,  and  it  is  OBpi'ciitlljr 
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tol>e  ohsprve'J  that  id  the  case  of  the  TceXus  nad  thoso  lower 
groups  of  vertobrales  the  brain  ami  anterior  parts — that  io, 
Iho  most  inipurtiuit  portions  of  tho  niiimnl  functiunaUy, 
iho  partK  on  whieh  tho  rest  doj>on<l  f<)r  their  wcII-Ik-Ihk  («ince 
the  brain  is  the  M'^at  of  all  thi<  niiiiii  directive  centers) — are 
foK)  with  the  best  blood  the  org&niifm  pouiwatett,  a  fact  which 
protutbly  explaiiis  in  part  the  relatively  large  size  of  these 
portions  of  the  body  early  in  fmtol  life  and  throughout  it« 
duration. 

We  now  nrge  upon  the  student  th©  importance  of  making 
Boitieobsi-'rvtttions  fur  himself  upon  the  heart  of  the  frog,  tur- 
tle, snake,  fiKh,  or  other  of  the  uold-bloutled  animals.  At- 
tention dbould  bo  given  chiefly  to  the  functions  of  the  heart, 
though  to  do  this  intelligently  it  must  be  preceded  by  fw)me 
study  of  the  anatomy  of  the  organ.  It  will  be  nndRrstiM>d  that 
any  direr'tions  we  may  give  for  the  manipulative  pai-t  uf  the 
work  will  be  of  the  simplest  kind,  and  rather  sugfiestive  of  tho 
general  method  of  procedure  than  int«nded  to  illustrate  tho 
best  methods. 

In  reality,  it  is  better  for  exact  investigation  of  the  heart 
that  DO  anitistbetic  be  given,  and  an  animal  may  Ije  rendered 
insensible  by  a  sudden  blow  upon  the  huiul.  which,  as  we  shall 
show  later,  may  be  painless.  However,  it  will  be,  upnn  the 
whole,  perhaps,  best  ttial  the  animal  be  given  a  few  whiffs  of 
ether  Iteneath  some  (glass)  vessel,  and  as  soon  as  it  becomes 
iiwensiljle.  to  withdraw  the  aiia>Hthetir:,  remove  or  crush  the 
head  (brain),  so  that  throughout  the  investigation  there  may 
1m>  neither  int«rferem-«  with  the  heart  from  this  organ  uor  any 
doubt  aKiut  the  animal's  insensibility. 

It  is  well  to  open  the  alHlnmen  a  little  below  the  heart,  so 
that  the  latter  may  be  exposed,  with  its  pericardium  intact, 
when  the  relations  of  the  heart  to  the  surrounding  parts  may 
)m-  noticed. 

What  strikes  every  observer  is  the  sluggish  action  of  the 
hiatrtd  of  these  animals — a  groat  advanta;^e  in  attempting  to 
•■stimate  roughly  the  relative  timt'  owupieil  by  tin-  systole  and 
diastole  tif  the  different  chambers;  the  pecnlinr  vemiiform 
nature  of  the  contraction;  the  changes  of  color  dependent  on 
the  degree  Ut  which  any  chamber  is  filled  with  blood :  and 
nuiny  of  those  minor  dettiiLs  important  in  making  up  a  total 
general  inipi'vssion.  l>ut  not  readily  expre.'wed  in  words. 

After  the  nninutl  has  been  bled,  the  heart's  action  may  still 
T»  pnifitnbly  studied ;  and,  fniRlly,  it  may  be  k-arned  that  the 
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heart  will  ptilsuto  whuii  removal,  oitlior  entire  or  after 
diTiduil  iiito  KOiCtiuiis. 

In  anot1]«r  «pocim«u  it  would  bo  dfsiroblo  to  allQw  thv 
heart,  to  be  kopt  bathed  in  »eruiii  or  pliyaiological  DaUDo  solu- 
Ucm,  to  beat  as  \oiig  us  it  will.  un<)  to  nute  the  variou!^  pliafien 
uf  irrofrularity,  woukeuing,  and  coHsatioii  of  action  in  its  dif- 
ferent parts. 

It  is  also  highly  instructive  to  observe  the  effect  of  ligating 
off  wriain  of  the  chambers  from  the  rest  of  the  organ. 

Any  one  who  makes  a  few  such  observations  will  be  pre- 
parod  to  comprehend  readily  any  of  the  experiments  on  the 
iionrtti  of  thi»  cold-blonded  animnls,  ainl  will  \m  ablo.  wtjiecidlly 
if  bo  hiui  followed  unt  earlier  r<>i;oniniL*udution8  tut  to  the  study 
of  the  hvnrt  of  ttio  mamma],  to  form  a  muntal  picturu  of  what 
is  transpiring  within  his  own  breast,  which  is  one  of  the  mo^t 
desirable  acromplishments — in  fact,  the  best  test  of  real  knowl- 
edge. 

Whatever  ground  for  differences  of  opinion  there  may  he 
OS  to  the  extent  to  which  the  phenomi-na  we  have  as  yet  been 
describing  are  miH-hanical  in  thi-ir  nature,  nil  am  agrewl  that 
such  explanations  are  insufUeieut  when  applied  to  the  facts 
with  which  wu  have  yet  to  deal.  They,  at  all  eveut«,  can  be 
reganlcd  only  iw  the  result  of  vitality. 

When  ont-  reHwls  upon  the  vieisoitudos  through  which  an 
animal  must  pass  daily  an<l  hourly,  necessitating  either  that 
they  be  met  by  raodilietl  action  of  the  organs  of  the  body  or 
that  tlte  destruction  of  the  organism  ensue,  it  beoomea  clear 
that  the  varying  nutritive  needs  of  each  part  must  lie  met  by 
changes  in  the  circulatory  system.  These  changes  may  affect 
any  part  of  the  entire  amingeinent,  and  it  rarely  happens,  as 
will  apjHtar,  tluit  one  part  is  nioilified  without  a  correspond- 
ing one,  very  fre<iui-utly  of  a  different  kind,  taking  place  in 
Homo  other.  What  these  various  c<jrrelated  modiHcations  are, 
mod  how  they  are  brought  about,  we  sliiill  now  attempt,  to 
deacribe,  and  it  will  grently  iissist  in  the  (-ompii'liension  of  the 
whole  if  the  student  will  endeavor  to  keep  a  clear  mental  pict- 
ure of  the  parts  bofi>rB  his  mind  throughout,  using  the  figures 
and  verlml  liescriptions  only  tii  assist  in  the  construction  of 
»iuch  a  mental  image.  We  shall  begin  with  the  vital  pump — 
the  hearU 
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The  Beat  of  the  IIeart  and  its  Modifications. 

Ai>  lioit  beeti  already  noted,  the  cardiac  musclo  has  featun-tt 
pwulinr  tu  itiwif.  and  rycnpios  liUttilogicaUy  an  iiit«rnio(IiaU> 
plact"  bulwwn  till-  plain  nml  this  striped  muwle-celli*,  ami  that 
the  contraction  of  the  huart  in  al«o  intermedinto  in  character, 
and  is  beet  sL-en  in  thos«.>  formi;  of  the  oi'gnu  which  arc  some- 
what tubular  and  beat  slowly.  But  tho  contraftion,  thnugli 
periMaltic,  is  more  rapid  than  ia  usually  the  case  in  other 
organs  with  the  smooth  form  of  muscle-fiber. 

Tlie  heart  Ix'tiaves  under  a  stimulus  in  a  peculiar  manner. 
The  I'ffcct  of  n  ttingU^  induction  shock  dejiends  on  the  phnso  of 
contrnction  in  which  the  heart  i.s  at  the  mumont  of  iti<  applica- 
tion. Thus  at  thu  commoQC«mcnt  of  a  syi^tole  there  i^  no  visi- 
ble pffwrt.  while  Imats  of  unusual  chHrnctcr  result  at  other 
times.  But  tetanus  can  not  be  induced  by  any  form  or  method 
of  stimulation.    The  latent  |)eriod  of  canliac  muscle  it*  long. 

Iti  a  hi>art  at  rest  n  xin^le  stimulus  (as  the  prick  of  a  needle) 
lUUiUty  calU  forth  hut  one  contraction. 


I 
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Thb  Nbbvous  SvftTSM  IN  Rblatios  to  thb  Heart. 

The  attempts  to  determine  just  why  the  heart  beats  at  all, 
and  e!*i>wially  the  share  taken  by  the  nervous  system,  if  any 
direct  one,  are  beset  with  great  difficulty :  thouf^h,  as  we  shall 
AtU-mpt  to  show  later,  this  subject  also  has  been  cranijwd  within 
tou  nnrriiw  limils,  and  hence  regarded  in  a  false  light. 

Til!  comparatively  rpc»»ntly  the  frog's  heart  alone  rtwviveil 
much  attention,  if  we  cxrepl  those  of  certain  well.kn()wn  mam- 
mals. In  the  heart  f>f  ilie  I'rog  there  are  (ranglion-cell»  in  vari- 
ous parts.  es|)wially  nunu-rous  in  the  tsinUN  vi-noiius  (or  expan- 
sion of  the  groat  voius  where  tlicy  meet  thu  auricles):  also  in 
the  auriclee.  more  especially  in  the  septum  Iganglia  of  Remak), 
white  t>iey  are  absent  fl-om  the  greater  i«irt  of  the  ventricle, 
though  found  in  the  auriculo-ventricular  groove  (ganglia  of 
BtddtT). 

f{ec«>»tly  it  has  been  foumi  thai  ganglion-ci'lls  occur  in  the 
vmtricles  of  WMrm-hIoo«i  nninuils.  In  the  hcnrts  of  the  dog. 
calf,  sheep,  and  pig,  which  are  tho^''  lately  subjected  to  investi- 
gation, it  is  found  that  the  nervi'-cells  do  not  occur  near  the 
apex  of  the  ventricles,  but  mainly  in  the  middle  and  basal  por- 
tions, iM'iiig  moat  abundant  in  the  anterior  and  posterior  inter- 
vvDtrirulHr  furrows  and  in  tlie  left  ventricle.     But  there  are 
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difft.'rviiix'^  for  ttacti  ^-nup  nf  animuitt;  thus.  Lli(«o  gnnf^lioii- 
ccIIh  nrti  most  Kbiindant.  90  Tar  11s  the  mitinnmU  as  yot  itivi's- 
tigatLsl  itn;  eotiLHiriiLi],  in  tlic-  vntlricK^  of  liiu  pig,  niiJ  lixud  so 
ill  tliutm  of  ihii  ilog.  III  thu  cut  lliL-y  Hri>  uW  lu^auty.  (>uuf{liun- 
cella  oticur  in  thu  aurii-W.  imd  aru  i«[wt'ially  abundant  nt-ar  the 
tormiiiations  uf  tliu  gn-nl  veins. 

It  has  lung  lieL'ii  known  tliat  the  heart  of  a  frog  removed 
from  tlie  body  will  pulsate  for  hoursi,  especially  if  fe<l  with 
Rerum,  blood,  or  similar  fluids;  and  that  it  may  be  divided  in 
alniost  any  toiu-eivable  way.  even  wlien  ti-jised  up  into  minuU) 
particles,  and  still  continue  to  beat.  The  apex,  however,  when 
separated  does  not  beat.  Yet  even  this  ((uiiwmit  apex  may  tw 
SLit  puktitiug  if  tied  upon  the  end  of  a  tube,  through  wUicb  it 
may  l»e  fi'd  undt-r  prL-8Muro. 

Wb  may  here  point  out  that  the  whole  heart  or  a  part  of  it 
may  be  made  to  describe  )taa<.-tion  by  the  gi'aphic  method  in 
various  ways,  the  principles  underlyinj;  which  are  either  that 
the  heart  pulls  upon  a  recoi-«ling  lever  (lilts  it)  acts  against  the 
fluid  of  a  manometer;  or,  inclotied  in  a  vessel  containing  oil  or 
mmilnr  fluid,  moves  a  piston  in  a  cylinder. 

It  has  aUo  long  bwn  known  that  a. ligature  drawn  around 
the  sinus  venoHus  (in  the  frog)  at  it«  junction  with  the  auricles 
stopped  the  hiurt  for  a  certain  period,  and  this  expi^rimeat  (of 
Stannius)  was  thought  to  dumoniitrate  that  the  heart  was  ar- 
re-st«d  because  the  nervous  impulses  proceeding  to  the  ganglion- 
celU  along  the  cardiac  nerves  or  ganglia  of  this  region  were 
out  off  by  the  ligature ;  in  other  words,  the  heart  ceased  t«  beat 
becnuso  the  outside  mnchinery  on  which  the  action  of  the  inner 
depended  was  Huddenly  discouuectod.  Other  explanations  have 
been  offered  of  thisi  fact. 

Within  the  last  few  yeara  great  light  has  been  thrown  u[Kin 
the  whole  subject  of  cardiac  physiology  in  consequence  of  in- 
VfOstigators  having  studied  the  he.irts  of  various  cold-blooded 
animals  and  of  several  invertebrates.  The  hearts  of  the  Vhe- 
JoriiartA  (tortoises,  turtles)  have  received  spei-ial  attention,  and 
their  investigation  has  been  fruitful  of  results,  to  Iho  gtrnenil 
outcome  of  which,  fus  well  as  those  accruing  from  recent  com* 
pomtive  studies  as  n  whole,  wo  vnn  alone  refer. 

Verj"  briefly,  the  following  are  some  of  the  main  facts: 

1.  In  all  cold-bUmdod  animulu  the  order  in  which  the  sub- 
divisioofl  of  the  heart  ceow  to  pulsate  when  kept  under  the 
same  conditions  is  invarial>le.  viz.,  venlricle,  auricles,  sinus. 

2.  The  sinus  and  auricles,  when  separated  by  section,  liga 
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tnrf,  or  otlierwiw,  either  together  or  sitiftly,  enntuiue  t<i  beat, 
whether  lunply  jirovidet)  with  or  .tiirrouncled  by  hloiKl. 

3.  Tho  ventricit'  thus  wparatfHi  ilis)i1iiyH  less  tpndeiiry  to 
IxMit  iu<lu|K4iidvi)t  iiT  mniv  .tliinulus  (its  t'etnling  uikUt  |jrfiMiU'i<)> 
tbuiigli  »  vory  WMik  ono  iisunlly  i^ufllces^i.c,  its  toudoiicy  tu 
Bpoutani-oux  rhythm  in  Iwm  mlirke'l  thnii  is  thu  cosu  with  the 
OtJier  piirts  of  thif  huart,  TIie«o  rt-iurtrks  upply  to  thu  heart* 
of  Chehnians — fiithes,  snakes,  and  some  other  cold  -  hlowted 
onimab), 

4.  In  tN>rtaiii  finhf:*  (skato,  ray.  »linrk)  the  bent  may  he  ro- 
Brsed  by  atiiniihitioii,  n»  »  jjrick  uf  tlio  vuntnolu.    This  is 

conipli«hiii]  witli  moro  dilliviilty  in  uthur  culd-hlooiltHl  auitiiuls, 
and  iitill  uioro  »o  in  the  mammal. 

5.  Ill  tvrtain  inviTtt'brales,  notably  the  Pmdpe  (Octopus),  a 
csruful  Bwiroli  has  revunlwl  no  nerve-cells,  yet  their  hearts  con- 
tittue  to  lieat  when  their  nerves  are  severed,  on  section  of 
p«rt8  of  thf^  orKiiii.  et<-. 

«.  A  atrip  o(  the  muscle  from  the  ventricle  of  the  tortoise, 
when  phicud  iii  n  moist  chamber  and  a  ourruiit  of  uluctricity 
pAHMMl  through  it  for  »onw  huiir«,  will  commciiCL-  tu  pulsate  and 
oontinito  to  do  so  after  the  currL>nt  has  bi<en  withdrawn;  and 
this  holds  when  the  strip  is  wholly  free  from  nerve-cells. 

From  the  above  facts  certain  inferences  have  been  drawn : 
I.  It  has  been  concluded  that  the  sinus  is  the  originator  and 
director  of  the  movements  rtf  the  rest  of  the  heart.  %.  That  this 
is  owing  to  the  gutiglia  in  Wn.  walK  While  nil  recognize  tho 
iraportnnce  of  tho  sinus,  some  physiologist«  hold  to  the  gangli- 
onic influence  lis  csxentinl  to  the  heart-buiirt,  still ;  while  others, 
iutluenccd  by  the  facts  mcutionetl  nbove,Hr*>  disposed  to  regard 
tbem  as  of  very  doubtful  importance — at  all  events,  as  ungina* 
tors  of  the  movement*  of  the  hearts 

The  tendency  now  »e«>ms  to  be  to  attach  undue  importftiice 
to  the  spontaneous  contractility  of  the  heart-muscle:  for  it  hy 
no  means  follows  logically  that,  because  a  muscle  treated  by 
electricity,  when  cut  off  from  the  umual  nerve  influonce  that  wo 
W'licVK  is  Ifciiig  constantly  exerted  on  the  heart  like  <)ther  or- 
gans, will  e^intnict  and  continue  to  do  s<i  in  tho  abscuco  of  tho 
vtimulus,  it  doos  so  normally ;  or,  bficaust*  some  liCBrls  boat  in 
U»>  nlxtonco  of  nBrve-cells.  that  tbcreforo  nerve-cells  are  of  no 
arxount  in  any  cose.  Such  views,  when  pressed  to  the  extreme, 
lo»l  tri  as  narrow  conceptiomt  as  those  they  are  intended  to  re- 
pl»<;p. 

Taking  into  account  the  facta  mentioned  and  others  we  have 
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not  spaoe  to  euumoratu,  wo  nubmit  thu  fulluwiug  as  a  safe  vjt»w 
to  entcrtttiu  uf  thu  bwit  of  the  h«irt  in  tlit-  light  of  our  (>re8Mit 
khowl»<ij;e : 

Recent  inv^tigstioDS  sliow  t-lwirly  tbat  there  are  grunt  dif- 
ferences in  the  hearts  of  animals  uf  divt-rse  groups,  so  that  it 
18  not  poRsihlp  to  apeak  uf  "  the^lL■art "  as  though  our  remarks 
np[)lif<l  equally  to  thU  organ  in  nil  groups  of  animals. 

It  ninsl  li>'  iulmittcd  that  our  iinderstamling  of  tlic  lienrts  of 
th« culd-blood  animals  is  greater  than  of  tho  mauimaliau  heart ; 
whilu.  so  for  as  exact  or  cxpenmentA)  kiiowlwlge  is  coiioeniwl, 
thu  humttii  htiart  i»  the  k-ast  unilt-i-stooii  nf  all,  thiiugh  there  i*, 
evidt'ucu  of  a  pathological  and  clinical  kind  niul  isulijuctivo 
experience  on  which  to  base  coucIu«iuns  iHjjtscssing  a,  eiTtaiu 
value:  but  it  is  clear  to  those  wlio  hnve  devott-d  att«.'nt.ion  to 
i!om|»ar«ti ve  physiology  that  the  more  this  subject  is  extemled 
the  better  prejiared  we  shall  be  for  taking  a  broad  and  xound 
vjew  of  the  physiology  of  the  human  heart  and  mans  other 
orgauji. 

Wlnvtcvcr  may  be  »i«id  of  the  in vertobralefi.  among  which 
greater  winiplicity  of  m«-chuuii<m  douhtk-ss  prL-vailH,  there  can 
be  no  doubt  that  the  ext^iriition  uf  a  cardinc  cycle  of  the  heart 
in  all  vcrlebinti-f.  ami  esi>«_'cla]ly  in  the  higher,  is  a  very  cnni- 
plex  process  from  the  numljcr  of  the  factors  involved,  their  in- 
teractiou.  and  their  normal  variation  with  circumstances;  and 
we  must  then-fore  ho  suspicious  of  any  theory  of  excessive  sim- 
plicity in  this  (LS  well  aa  other  parts  i>f  physiology. 

We  submit,  then,  the  following  as  a  safe  provisional  ^-iew  of 
the  causation  of  the  heart-beat : 

1.  The  factors  entering  into  the  causation  of  the  honrt-hcat 
of  all  vertebrates  as  yet  exaiiiinr-il  are:  {ti}  A  t^-ndency  to  spon- 
taneous contraction  nf  the  niu8cle-cel]n  comiKMing  the  organ; 
(6)  intra-cardiac  bliKid-preasure;  (c)  ooixlition  of  nutrition  as 
determined  din'i-tly  by  the  nervous  supply  of  the  organ  and  in- 
directly by  the  bliMjd. 

Ik  The  tfindoncy  to  spontmioous  contraction  of  muscle-cells 
in  most  marked  in  thit  oldest  part«  of  thu  heart  (u.  g.,  nnus), 
ancestmlly  (phylogeneticnlly)  cousidereil. 

3.  Inlra-cardiac  pressure  exercises  an  influence  in  determin- 
ing the  origin  of  pulsution  in  probably  all  hearts,  though  like 
other  fnctors  its  inHueuce  varies  with  the  animal  group.  In 
the  mollusk  (and  allied  forms)  and  in  the  tish  it  seems  to  be  the 
controlling  fiictor. 

4.  We  must  recognize  the  power  one  cell  has  to  excite  when 
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in  Action  neigh tiorlng  hoKH-<r4>IIs  tu  contraction.  Ttio  ability 
that  on^  |iri(Ui]iliiMnic  iH:ill-itia.t!«  lins  U*  iiiitint4«  in  otliers,  tiiidt-r 
t<vrlHin  uirvuiiiHtAiiCL'K.  Hku  i.-uii(litioU8  witli  ili<  own.  i»  worthy 
Ki[  mnrv  soriuus  tioiisitU'ratiuu  in  buialtli  uiid  disotuKi  tliAn  it  has 
y«t  rccuivLHl. 

&,  Thf  iiitluL'ni'i!  ft  thi*  oanliac  iiltvi-m  Ix-t'omos  more  pro- 
itounciil  jis  wo  usc«m)  ihf  uniniul  scbU'.  Tlieir  s1mr«  in  the 
h«urt'}i  lii-nt  will  bi»  rousitlered  latur. 

n.  A[>]iitrx-iitly  in  nil  hi-Hi'Is  tlit-i'e  is  u  riiiii'tiotial  conn^rtion 
U'tudiiifj  to  H  iv^^ular  s«|iii'nrp  of  Iwat  in  the  iliffetPiit  parts,  in 
which  the  sintitt  or  its  representatives  (the  terminations  of  greftt 
veins  in  the  hearty  always  takes  ihe  initiative.  l)iin  part  hav- 
ing contracted,  the  othitrs  must  nfcossarily  follow;  hi-nci'  the 
r»|iid  onset  of  the  ventricular  after  the  anriciiliircDntraction  in 
IIk*  mnmmal.aiid  the  \img  wave  of  contrnction  that  iM-vms  to 
pa«8  ovcnly  ov^r  Ihv  whole  orf^an  in  culd-blooduti  animala 

Tlie  huttis  of  all  thi-He  factiirK  is  to  he  (Hni^ht  liiially  in  the 
natural  nmimctilily  of  proloplaam.  A  heart  in  its  most  devel- 
oped form  still  retaitis,  so  to  speak,  the  inherited  hut  modified 
Am*Bba  in  its  every  cell. 

Whether  the  intrinsic  norvp- cells  of  the  heart  take  any 
shnre  directly  in  thf  oanliac  boat  must  Ik-  considurod  as  yet 
undetermined.  Possibly  they  do  modify  motor  impulxM!  from 
iiervnt,  while  agniu  it  may  U'  Hint  they  have  an  influcncw  over 
nutritive  pi-oi,V8Sf»  only.  Tho  subject  ruquinw  further  study, 
botb  nnatumioil  and  phy^iolof^ical. 


iNru'ENCK  or  THK  V'aous  Nbrvk  vpov  thk  Hkart. 

Tho  principal  facts  in  this  connection  may  be  stated  as  fol- 
lows, and  apply  to  nil  the  animals  tlnis  far  examined : 

1.  In  all  ctuw:s  the  iiclion  uf  the  heart  is  modified  by  stimu- 
lation of  thu  mcilulln  oblongata  or  the  vugus  nerve, 

3,  The  modilicalion  may  consist  in  prom]it  arrest  of  the 
hmrt.  in  slowing,  in  enfL'ieblement  of  the  bi'at,  or  a  combination 
of  the  two  latter  effncts. 

3.  After  the  application  of  the  stimulation  there  is  a  latent 
[lerioil  before  the  effect  is  manifest,  ami  the  latter  may  outlast 
the  stimulation  by  a  considerable  j<eriod. 

4.  In  most  animals  the  sinus  venosus  and  auricles  are  af- 
fecl<Hl  before  the  ventricles,  and  the  vagus  may  iiitluence  these 
part*  when  it  is  |K>werless  over  the  ventricle. 

fi.  Aftvr  vagus  inhibition,  the  action  of  the  hMirl  a  (almost 
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un©xcpptii>nally)  differmit.  the  precipe  result  boiiig  vaiHabk-,  but 
generally  Ilia  beat  is  lK>tb  aooelnrated  nwi  incroasotl  iu  forcv. 


JIIUIMMI/I/^^ 


immm 


I'la.  tm    liilirtiiii rfiiij'iii i  ij  ■ttmitiMnii  if  m iiimrn    Ta  ii^  r>«.i  rntm  tikM 

111  tuft.  Tba>  auitrarUuDi  lit  Uir  nMMdft  CM  rricliib-ml  by  ■  ^ajim  li>n-r  mitun  >ii>  K. 
^10  iDlfrnipUiil  ourntol  va«  tltnjwn  Iu  ■!  q-  NuUt  UuC  (iit(»  bMt  ocoumvl  lH>ton>  *nvjti 
(UtMtparlodl.aiiilltiUirlMin'UnmUilU  iiT  (tu- hnrl  illit  tiik>  pliur  It  JiiiM<d  Inr  ■  ixqiaklpr 

abtopcrtMliFMterx 

Wo  may  bsv  that  th«  working  raiMicity  of  thu  heart  iu  tem- 
porarily increased. 

G.  Thu  improvement  in  the  efficiency  of  the  heart  ia  in  pro- 
portion to  ila  previous  working  power,  and  in  cases  when  the 
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Pi'j.  IW.— KSMiUurTwuiiiUimilBtlrin.  Illu»trai«d  b^a  (ami  at  aphygmonnphtc  cumdeMirei] 
tram  Uir  urotbl  nTa  rabbit  ifnlFri, 

action  i»  feeble  and  irregular  (abnormal)  it  mi^ht  bu  said  to  bt' 
in  proportion  to  its  needs.  This  is  a  very  important  law  that 
deserves  to  receive  a  ffsneral  recoRnition. 

7.  Section  of  both  vaRi  nerva""  pesnlts  in  histoIoKiftal  altera- 
tioiifl  in  the  heart's  striictni-e,  chiefly  fatty  defeneration,  which 
must,  of  courw,  impair  ita  working  capacity  and  expose  it 
to  rupture  or  other  accidents  under  the  frequently  recurrinu 
strains  of  life. 
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ft.  In  the  cold-bloodeil  aniniitls  tliu  liiwrl  iimy  bo  kojtt  At  a 
ndstill  by  \-ngu»  Rttniulttliun  till  it  dWv,  n  pvnwl  of  )iuur» 

J[on©  case  nf  .six  lioiir.i  n-jmrtw!  for  tlie  SL-ii-turllt.-)- 

9.  Certniii  tlrugs  {,»»  iilrii|)iiii').  itpplii-il  diructly  to  the  heart, 

or  injetit«tl  into  the  blood,  pruvuat  iho  usual  action  of  the 

lU.  During  vagus  arrost  the  heart  subslancp  underKora  a 
cbango,  n-suHiiig  in  au  unusual  dilatation  of  the  orjipin.  This 
may  Ijc  witnuiwtHl  whether  the  heart  contains  blood  or  not, 

II.  The  heart  may  Iw  arrested  by  direct  stimulation,  ej<p(s 
rially  of  the  sinufi,  and  at  the  points  at  which  the  electrodes  aru 
applied  there  is  apparently  a  h'mporftry  paralysis.  The  ttainv 
alteration  in  the  heat  may  be  noticed,  a.i  when  the  niain  trunk 
of  the  vau^u.t  in  .stimulated. 

1'^.  The  heart  may  he  inhihitert  through  stimulation  of  vari- 
ous parts  of  the  body,  botti  of  tho  surfiice  and  internal  ort^uus 
(refl>.>x  iuhibitiou). 

13.  One  viigu8  being  divided,  stimulatiou  of  it«  upper  end 
may  cause  arrctit  of  tho  heart. 

H.  Stimulation  of  a  small  part  of  the  medulla  oblongata 
will  produce  the  same  result,  provided  one  or  both  vagi  lie 
intact. 

1&  Section  of  both  vagi  in  ftnme  animals  (the  dog  notably) 
increiMes  the  rale  of  the  cardiiic  heat.  The  result  of  section  of 
one  pnouuiogAslric  nerve  i.-*  variable.  The  heart's  rhythm  is 
usually  lo  Hume  extent  iiuickencHl. 

ICi  Daring  vagus  inhihition  from  any  caum  in  mammals 
and  many  other  animals,  the  heart  responds  to  a  single  stimu- 
lus, as  the  prick  of  a  needle,  by  at  least  one  beat.  An  observer 
studying  for  himself  the  behavior  of  the  heart  in  several  groups 
of  aninml:<  with  an  open  mind,  for  the  pur]x>Be  of  observing 
uU  he  can  rather  than  proving  or  disproving  some  one  point, 
becomes  strongly  impre4:M-d  with  the  variety  in  unity  tluit  nins 
through  cardiac  physiology,  including  the  influence  of  nerve- 
cells  (cent4>rs)  thruugh  nerves;  for  it  will  not  ho  forgotti-n  that 
normally  nerves  uriginate  nothing,  being  conductors  only,  so 
that  when  the  vagus  is  stimulat«d  by  us  we  are  at  the  most 
hilt  imitating  in  a  rough  way  the  work  of  central  nerve-cells. 
We  can  only  mention  a  few  points  to  illustrate  this. 

In  the  frog  A  succes.Mon  of  light  taiw,  or  a  single  sharp  one 
("  Klopfveniuch "  of  QoUk).  will  usually  arrest  the  heart  re- 
flAsIy:  though  sometimes  it  is  very  diilicult  to  accompli.sh. 
But  in  the  fish  the  ease  with  which  the  heart  may  1n>  rotlexly 
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inhibited  liy  gentle  Htioiutatinn  of  almost  any  |>ortinn  of  the 
anunal  is  wonderful.    Again,  in  snroe  animals  the  vagus  arresta 
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klM^l^^avto. 


-jUIWtTiit  KerTft. 


OuUylnK  An«  wlUi  lla 


TiD.  ilO^Tttatram  ot  the  loUbllcr)'  iqechuilam  of  1hi>  lipon.  Thr  utrovrt  Iniiletlm  Id  all 
ouM  Uir  laih  Uu.'  narroiw  luiwlaea  Call*.  L  Pitili  iif  ulTi-rfUi  tioinilini  from  iIip  beurt 
IUi>ir,  II.  Putli  from  |iarta<if  Uw  bralnklim*  |or  nni-iniir  liiUhi>  viui>i4iii>ti>ruintcr.  A 
vIdiIIat  CUV  iiiMil^of  t^iinv.  Iir  nuipiif^  <Hit  aVmyc  tl»i*  virliinJ  '•••rA  111.  PaUi  fromtMn* 
pcripbFral  nvKio.    Thp'linniwBril  »rrow»  Indlooti' the  •■"unn' ■■r -tti-niil  1 


pTotablr  oniaUy  i 


I  by  both  vAtf  I, 


:  tnpuitM  whMdk 


the  heart  for  only  a  brief  period,  when  it  breaks  away  into  its 
usual  (but  increased)  action. 

In  the  iiah,  m^uitbi-aiu'hiiA,  and  probably  other  nnimalit,  the 
irritahility  of  sonu'  tsubdiviition  of  tin-  heart  is  lost  during  the 
valgus  inhibition — i,  «.,  it  docs  not  respond  to  a  mechanical 
stimulus 

Thoro  it)  usually  a  certain  order  tn  which  the  heart  recom* 
monoea  after  inhibition  (viz..  ainus.  auricles,  vontriclcs);  but 
there  are  variations  in  this,  also,  for  different  animals.    It  is 
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also  a  fact  tliat  in  nuRUt  nf  ihc  cdld-bloodwl  animals  thu  right 
vHgU8  is  more  effi<-it.mt  llinii  tlio  left,  rtwiiig.  we  think,  iiut  to  the 
Ber\*es  thvmselvM  ku  much  u8  to  their  manner  of  distribution 
in  the  hi'ftrt — tht*  yi-ewti-i-  purtiuii  of  the  rlriving  [mrt  of  iho 
orgsu,»i>  touptiik,  beiQjjHUppUuil  by  thvriglit  iutv<';  for.  wIk>ii 
i>von  a  sinutl  part  of  the  bmrt  i»  arruKted,  it  may  he  uvorvomc 
by  till*  action  of  a  lari^er  portion  of  thu  eauiu,  or  a  muru  domi- 
nant ref^on  (the  sinUH  motttly). 

Conclnsions. — The  inferences  from  the  facts  stated  in  the 
abovfi  puni^i-aph.i  are  the»e:  1.  Tliere  is  in  the  medulla  a  coU 
lection  of  cells  (cent«r)  whiuh  can  generate  iinpnli>(>s  that  rviwh 
thv  hi-flrt  liy  the  vagi  nvrvo*  tiiid  infliu-nt^t'  it«  mnMcuhir  tixsui'. 
though  whi'ther  diri-clly  or  through  thi^  intcrmurliiition  of 
uvrvH-colk  in  its  substjince  ia  uncertain.  Il  may  i>ossibly  lie  in 
both  ways.  2.  This  cuiiter  (i-anlio-iiihibitory)  may  be  iuHu- 
ennMl  reflexly  by  influences  ascending  by  a  variety  of  nnrves 
from  the  periphery,  including  paths  in  the  brain  itself,  as 
showrn  by  the  influence  of  emotions  or  the  l>^jhftvior  of  lh« 
hi*art.  3.  The  canlio-inhiliitory  center  is  the  ag<-nt,  in  [Hirt, 
tlirrjugh  which  the  rhythm  of  thv  heart  i»  lulnptiiil  to  the  needs 
of  the  body.  4.  Thuun'Mt.un  direct  stimulation  of  the  heart, 
ii  owing  to  thi)  ufFoct  pruductnl  on  thi>  tiTudniil  libers  of  the 
VBgi,  as  shown  by  thi-  diltition,  «tc,,  corresponding  to  what 
takeo  place  when  the  trunk  of  the  nerve  or  the  center  is  stimu- 
latod.  A.  The  quickening  of  the  heart,  following  section  of  the 
vaKi.  8eem8  to  fdiow  that  in  aonw  nnimalti  thn  inhibilDry  cent^T 
oxorciMis  a  constant  regulative  influence  over  the  rhythm  of 
the  hfnart,  0.  The  irritability  and  dilatability  of  tlu*  cardiac 
tissue  may  be  gnittly  uioditiixl  iluriug  vagus  inhibition,  Somd- 
liuii'H  this  is  uvident  before  the  rhythm  itself  is  u|)|ireciably 
altered.  ?.  The  heart-muscle  lias  s  latent  period,  like  other 
kinds  of  muscle ;  and  cardiac  etfectd,  when  initiatetl,  last  a 
variable  pt'rioil. 

There  are  many  other  obvious  conclusionH,  which  the  stu- 
dent will  draw  for  himself. 

But  u  question  arises  in  regard  to  the  significance  of  the 
carfliat-  arrL<st  un<ler  those  circtimstiinces,  and  the  allei-ed  action 
that  fulloWH.  The  fact  that,  when  the  heart  is  severed  from  the 
cvntral  nervoua  system  by  section  of  Ha  nerves,  profound 
changM  in  the  minute  strniture  of  its  cells  ensue,  points  ua- 
DiiirtAkably  to  »r)me  nutritive  inlhience  that  must  have  o|>eriite<l 
through  thp  vagi  nerves.  That  stimulation  of  the  vagus  ro- 
nlorvs  regularity  of  rhythm  and  strengthens  the  bent  of  the 
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fttiling  hcwrt,  ia  also  vury  sug^-stivc.  That  many  dlsonleru  of 
Oie  heart  urn  coinciilwit  with  poriods  of  mental  angui»)i  or 
vroiTy,  and  that  in  i-erlain  csset!  of  severe  mental  application 
tile  heart's  rhythm  has  hecome  very  slow,  also  [joint  to  influ- 
ence of  n  central  origin  as  greatly  affecting  the  life-processeH 
of  this  orgnn. 

It  has  beiin  shown  thdt  the  vagus  nrrve  in  some  c<»l(l-bIoodt'd 
ftniinals,  ax  i»  prolrnhki  alsi*  in  the  higher  vt-rti'bnittw.  conai^.-* 
of  two  setn  of  fibers— thuw  which  nrr  inhtfiidiri/  profter  ami 
those  whicti  arc  >int,  bvi  Mouy  Ot  llir  HymiMihtlic  sysleni, 

SeparBte  stimulation  of  the  former  favors  nutritive  pro- 
068806,  ia  preservative;  of  the  latter,  destructive.  This  has 
been  expreeaed  by  saying  that  the  former  fiivors  constructive 
(anabolic)  metabolism;  the  latter  destructive  (katabolic)  me- 
tabolism. It  is  assumed  that  all  the  metabolism  nf  the  body 
may  be  ropresontcd  as  miule  up  of  katabolic  following  anabolic 
pruoc'«sv». 

Wlicthor  euch  a  view  of  metabolism  expresses  any  more 
4ban  a  sort  of  general  tendency  of  the  chemistry  of  the  body 
is  doubtful.  It  is  a  very  simple  representation  of  what  in  all 
probability  is  extremely  complex:  and  if  it  be  implieil  that 
throughout  the  body  certain  steps  are  always  taken  upward  in 
construction  to  be  always  afterwards  followed  by  certain  down- 
wnnl  destructive  changes,  we  mu.it  reject  it  as  too  rigid  and 
arlitieial  a  represwntjvtion  of  natural  processes. 

Wo  think,  however,  that,  «i>ciii  all  the  evidcuee,  patbulogical 
and  clinical  as  well  us  physiological,  the  student  may  believe 
that  the  vagus  nerve,  like  the  other  nerves  of  the  iKxly,  acconl- 
ing  to  our  own  theoi-y,  exercises  a  constant  beneficial,  guiding 
— let  HH  say  determining — influence  over  the  metabolism  of  the 
organ  it  supplies;  and  we  here  suggest  that,  if  this  view  were 
applied  to  the  origin  and  course  of  cardiac  disease,  it  would 
result  in  a  gain  to  tho  sci<;iice  and  art  of  medicine. 


Tub  Ac<'Ki.icrator  (Aitosibntor)  Xerves  op  tbe  Heart. 

It  has  been  known  fi>r  many  years  that  in  the  dog,  cat,  rab- 
bit, and  some  other  mammals,  tbetf)  were  imrves  proceeding 
from  certain  of  the  ganglia  uf  tho  sympathetic  chain  high  up, 
stimulation  of  whicli  led  to  an  acceleration  of  the  heart -iM-iit. 
Very  recently  these  nerves  have  been  traced  in  a  number  of 
cold-blooded  animals,  and  tho  whole  subject  placed  on  a  bi-onder 
and  sounder  basis. 
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TliPFP  ape  varialiotm  in  the  <li)«lri)>iitii>n  uf  Uiesc  norvos  for 
different  gi-uups  of  unimuls,  Ijut  it  will  suflico  if  we  inOicate 
their  course  in  a  general  way,  without  special  reference  to  llje 
variations  for  each  animal  RTuup:  I,  These  nerves  eniprjro  fi-oni 
the  spinal  cotxi  (upi>er  ilorsal  re^on),  an<l  prot'ci^il  upwant 
befon*  being  <Ui<tribiite<l  to  the  lioart.  'i.  Thi-y  may  leave  for 
their  canHat^  ik-isti nation  either  at  (a)  the  lir^t  thoracic  (ur  basal 
cardiac  ganglion,  na  it  niiKht  be  niunoci  in  thitt  case),  (h)  the  in- 
ferior cervical  ganf^lion,  (c)  the  anuuhis  of  VleUBSOUK,  or  (d)  thu 
midillo  cervical  ganglion. 


R|>lBalOc«L 


AcwcWator  Oroti-r  tu  Medulla. 


Kaprrtor  Canrtoal  (liuitllBn. 


Middle  Carrksal  (teucllM. 


]  Qr r-      lutrrlor  CMvIcal  <MD(Ilcin. 


RiCton  or  rtna  Rib. 
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Flu  Ml,— THacnUD  tA  Illiiunkia  (ho  orlirln.  eonnv.  Me.  of  aawlenUT  IminlMa.    B  will  b* 
tMbntoodtlul  till*  Ifl  li>tiqi>1nl  (n  Iti4ti'nl«  (hi-  it-niTal  |>lan,  unil  iinl  i>n«Mi)ly  what  MkM 

planr  In  imit  ow  *nlinkl     Tbii*  whili'  ih"  n l-rn""  iiiT«i-"  muy  rniw  In  llila  uray.  II  W 

nM  MHwl  fo  bp|mpllr-d  tlml  Urn  hurl  !•  uuinlli  imiphiil  Iit  Ihrr.  npnttot  nidiortcln 
fa  lAf  tiM*^    The  *miwik,  u  iH^orn.  ludlcaitr  rh<-  imtfi  ot  Uii-  JjiijiulEtf'* 


Their  course  has  lieen  traced  by  physiolojjii'Hl  methods ;  thus 
it  has  been  found  that,  in  all  iinimnl.i  examinfl.  stimulation 
of  tlie  apinal  conl  or  the  vsrious  parts  mentioned  above,  or 
nerve  branches  fi-oni  them,  gave  rise  either  to  acceleration  of 
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the  cardiac  beat  or  uugmenUttiun  ttf  iti<  forco,  or  to  both,  as  is 
coraraouly  the  case.  lu  evuvy  iiistunci-  tlic  work  of  tbo  heuit 
is  increased,  so  that  they  may  he  called  luoru  tippropriately 
augnuntor  nerves ;  aiul  iheir  effect  may  be  more  evident  o» 
ouo  pnrt  of  the  heart,  as  regarda  increaBe  of  the  force  of  ttio 
bmt,  tluin  on  another. 

Tboy  rwiuin*  for  their  fullest  effect  a  rather  strong  and  con- 
titiuouK  utimulution  (intcrrupttyl  current),  and  the  augmenta- 
tion outlitsU  the  stimuluK  a  considuniblo  period.  The  same  law 
a{>plie8  to  them  as  to  the  vagus  nerve,  viz.,  that  the  result  is 
invpraely  proportional  to  the  rhythm  of  the  heart  at  the  i)eriod 
of  stimuliilioii ;  a  sluw-beatins  heart  will  be  more  au^^ented 
prupurtmiiiilly  than  u  rapidly-pulsating  ovRan, 

It  is  noticeable  that  after  one  or  more  experiments  the  hoar 
often  falls  into  an  irn-gtilur  nr  wt-jikened  ac^tion  tgnite  the  ro-j 
Torae  of  what  ensues  wln'ii  ttio  va^fiis  i:*  stiniulutvd.    But  it  hoal 
also  been  observed  that  w'rtain  of  the  vajjus  fibere  on  stimuli^- 
tion  tpvv  rise  tu  a  liku  ri'sult. 

Further,  it  is  found  that  the  electrical  condition  of  the  heart 
is  different,  according  as  the  inhibitory  or  other  fibers  of  the 
heart  are  Simulated.    The  latter  fact  seemed  to  jwint  strongly 
to  a  fundamental  difference  in  their  effect  on  cardiac  metabo- 
lism ;  hciico  it  is  proposed  to  speak  of  the  Taguci  as  a  vago-J 
syiiiliuthiitic   nerve,  ixtntainiug    inhibitory   filwrs  proper  and 
sympathetic  or  uiotui'  fibers  tu  bv  clasxud  with  the  nerves  that 
Were  formerly  known  as  "accelerators,"  and  to  be  compared, 
in   their  action   to  the  ordinary  motor   nerves  of  voluntary' 
muscles. 

Indeed,  these  eonceptions  will  probably  give  rise  to  a  broader; 
view  of  the  whuie  nervous  system,  especially  as  regards  the! 
relations  of  the  nerves  themselvea. 

Certainly  the  augmentor  nerves  to  which  we  are  now  refer- 
ring exhaust  the  heart.  lead  it  to  expend  its  nutritive  capital, 
and  leave  it  worse  than  before.  One  can  understand  the  ad- 
vantage in  the  heart  having  a  double  supply  of  nerve-Gber 
with  opposite  action ;  anil  it  is  worthy  of  s|)ec-ia1  note  in  thin 
conntxtion  that,  when  tin?  vagus  (vitgo-sympathi-tic)  is  slimu- 
iitted  at  the  same  time  a»  the  augtnentoris,  the  inhibitory  effect, 
proserviitive  of  nutritive  resources,  piwails. 

It  will  tH>  seen  that  the  heart  may  lie  made  to  do  iiicTeased 
work  in  threi-  ways:  Firstly,  Ihe  relaxation  of  a  normal  inhibi- 
tory control  through  the  vagus  nerve  by  the  cardio-inhibitory 
ountor;  secondly,  through  the  sympathetic  (motor)   fibers  in 
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thev&gns  itself:  nnd.fituilly,  through  fibers  with  similar  nctiuo 
iu  the  Bympatbettc  xystvm,  usually  80  called. 

The  nhare  takon  by  thwiu  fuctor*!  is  ctTtftluly  viiriitblu  in  dif- 
ferent H|)eciee  of  aniniuU,  BUd  it  is  likoly  tliut  thin  is  true  of  the 
H&me  animalB  on  different  occasiuns.  It  is  ulso  conceivable, 
and  inileml  [>tx)hable,t1iat  they  act  toother  at  timefi,  the  inhibi- 
tory action  being  diminished  and  the  augnientor  inQuence  in- 
creoitod. 

Hnmaa  Phytiologry.— Of  the  thitte  c-ardinc  nerves— suiwrior. 
Uliddlf,  and  iiifi-nor — the  strouge^t,  whit^h  i*  thu  midille  one, 
psBses  from  the  inferior  Mirvical  ganglion  to  the  middle,  from 
which  it  priweeda  to  the  heart,  and  the  inferior,  may  he  re- 
garded as  the  chief  anymentor  cardiac  nerves. 

That  man'»  pneumogaatric  contains  inhibitory  fibers  is  evi* 
deut  frtiia  the  experiment  of  Czermak,  who,  by  pressing  a  Ixiny 
tumor  in  his  nock  against  his  vn)j:ns  rii^rve,  could  arrest  h'm 
heart.  Another  individual  could  iirre»t  his  liMirt-hoat  at  will, 
and  if  uot  through  the  vuguti,  how  ? 

Wo  an  probably  all  aware  of  alteration!*  in  the  rhythm  of 
the  heart  from  emotions,  DurinR  a  period  of  intense,  brief, 
sympathetie  anxiety,  as  iu  watchinR  two  conipntitors  during  a 
severe  struggle  for  supremacy,  a  change  in  the  rhythm  of  the 
heart,  amoiinting,  it  may  be.  to  momentary  arrest,  may  bo 

ohsiTVLlI, 

Enough  has  been  »aid,  we  trust,  to  show  that  the  nerves  of 
the  heart  can  no  longer  be  regarded  merely  as  the  ruins  for 
bridling  the  cardiac  ateetl ;  but  that  all  the  phenomena  of  accel- 
rAtion,  slowing,  or  other  changes  of  rhythm,  are  only  the  out- 
"wurd  evidences  of  profound  vital  clianges  accompanied  by  cor* 
responding  chemical  and  ek-ctricnl  effects.  If  tliese  views  be 
correct,  nervous  Intluenoe  must  play  no  »\iu\\\  part  iu  the  causa- 
tion aud  moditicatiou  of  disordered  coiiditi'ms :  and  we  would 
extend  such  a  view  to  all  the  organs  of  the  body,  aud  especially 
in  the  esse  of  man.  The  heart's  rhythm  can,  however,  be 
mollified  in  other  ways  than  we  have  as  yet  described. 

Though  an  isolated  heart,  fed  by  serum  or  some  artificial 
notrilivo  duid,  may  beat  well  for  a  time,  it  is  liable  to  peri- 
odic int«'rruptions,  which  are  probably  owing  to  its  imperfect 
uutrilion. 

Many  drugs  gruHtly  mt^dify  tho  liitart-bcat ;  but,  in  attempt- 
ing to  explain  how  the  result  ifl  accomplished,  the  difficulty  is 
in  unraveling  tho  part  each  anatomical  element  plays  in  the 
total  result.    Does  the  drng  act  on  the  muscular  tissue,  the 
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in»rvi>  U'vminals.  or  the  (fiiiigliii:  or  does  it  affect  the  heart 
tltruugli  tliti  ci-iitml  iiurviHiH  Hy»U<m  ? 

KMort  tocomimniiivi'  physiology  is  important  in  duch  canes, 
if  only  U>  foster  cuutiuu  and  avuid  narrow  views. 


The  Heart  is  Relation  to  Blood- Pressure. 

It  is  plain  that  all  the  other  conditioiiH  throughnut  the  rir- 
milalory  tiysteni  remaining  tho  Aaiiic,  an  incrnnse  in  vithKr  tho 
fori-oor  the  frf(|iH'ncyi>f  thiOK^rt-lxitLt  must  mint'  lh«  HUk id ■]■»««- 
uroi  Hut,  il'  (he  pri'SKiiru  wcru  geniTally  raixed  whvn  the  hoart 
buats  rapidly,  it  n'uuld  faivi  ill  with  thi>  ttgCHl,  thu  elasticity  of 
their  arterins  imng  usually  yreatly  impaired.  As  a  matter  of 
fact  any  marked  rise  of  prPBsure  that  would  thus  occur  is  pre- 
veatod  at*  a  rule,  and  in  dilTerent  ways,  as  will  l>o  tie<*n ;  but.  bo 
far  as  the  heart  iti  concerned,  its  l)out  is  uminlly  the  weaker  the 
niuro  rapid  it  i»,  so  that  tho  cardiac  rhythm  and  the  blood- 
lircKKuro  arc  in  inverse  proportion  to  each  other. 

By  what  method  is  the  htMirt'n  action  tcmjK>red  to  tho  condi- 
tions prevailing  at  tho  time  iu  the  other  parts  of  tho  vascular 
ey»t*'m  'f 

The  matter  is  complex.  It  is  possible  to  conceive  that  there 
lea  local  nervous  apparatus  which  regulates  the  heat  of  the 
honrt  acconliiiK  to  Mm  iiitra-cardiuc  pressure,  wliieli  latter  again 
will  depend  on  conditions  outside  of  the  heart  itself — the  arte- 
rial preRsui'e,  in  fact.  It  is  possible  to  understand  that,  apart 
from  any  nervous  elemenlji  at  all,  tho  cardiac  cells  regulate 
thoir  own  action  in  ol>edieiice  to  the  impreiKsions  inado  u[>on 
Ihoiu. 

But,  inasmucti  as  tho  hoart  is  not  regulated  perfectly  in  tho 
niatiimnl  iiccnnling  to  the  blood -pressure,  when  the  vagi  nerves 
nri'  cut,  and  rousidering  the  dominance  of 'the  central  nervous 
■yHtem,  it  dtws  not  seem  likely  that  it  should  resign  the  con- 
trol of  HO  important  a  matter.  Kxperiment  bears  this  outk 
Thoro  itt  mmit-  I'videiiee  for  believing  that  not  only  may  tho 
VogUH  itself  act  u»  Ml  atTerent  sensory  nerve,  hut  that  tho  do- 
prexMir  nerve,  to  be  shortly  ii'ferred  to  more  particularly,  is 
n\m>  KUch  a  sensory  nerve, 

Iliiwi'ver,  such  a  view  does  not  exclude  previously  mea- 
tionod  fiu'tors,  and  there  can  be  little  doubt  that  in  forms  below 
nutinmnU  the  muscular  tissue  is  to  some  degree  self-regulative; 
and  It  is  not  likely  that  this  ()uality  is  wholly  lost  even  in  the 
lilghmt  lunramuls. 
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7%«  rffed  of  tstgu.'i  sUmiihilion  im  the  blood- prpssure  ir 
slwnyH  vt'ry  murki'd.  ii^  would  be  Kiipposc-d,  To  cxumitie  an 
extn-mu  ciwp,  b'uppuso  the  heart  arrpstpd  fur  a  few  Recondti,  the 
ehtstiu  p«!Ci)U  of  the  arteries  continuea  to  maiotain  for  a  time 
the  blood^pi'essure,  though  there  iti,  of  course,  aii  immediate 
and  jtronounced  fall.  And  it  nmy  be  remarked,  by-the-way, 
that  ill  caws  of  fainting,  when  the  heart  cea«e«  to  beat,  or  beats 
in  tlie  feeblest  man-  ,,      ^ 

ii«r.  th«  im|K>rtanco  j      ■ 

of  thiit  arterial  ohw- 
Ucity  as  a  force, 
maiiituining  thu 
circulalioD  for  itev- 
seconds  at 
is  of  great 
importance; 

As  8v?n  ill  the 
tracing,  the  bt>iir.-<, 
when  thu  heart 
cDtDinoacM  itjt  ac- 
tion again,  t«U  on 
the  comparatively 
alack  walln  of  the 
arteries.  Uixteiid  iii^  them  greatly,  itiid  this  may  be  nitide  evident 
by  the  sphygmogntph  us  wi-ll  na  tlie  mHiiomet«r:  indeed,  may 
be  evident  to  thu  linger,  the  pul«e  re^oinbliug  in  some  features 
that  fuIlowriDg  excu^^ive  hwu  of  bloixl. 

IT  the  heart  has  been  merely  slowed,  or  lift  pulsation  weak- 
ened, the  effects  will  of  course  be  less  marked. 

Th«  Qoaatit;  «f  Blood.— The  blond -prei<riii re  may  also  be 
angmente^].  the  eanliai-  frequenry  n-iimiiiing  the  same,  by 
thii  qiumtUy  of  blooil  i^jet^ted  from  tho  vuiitriclctt,  which  again 
depends  on  the  quantity  entering  them,  a  factor  determined 
1iy  the  condition  of  tho  vcutsels,  and  to  this  we  «hull  pruHently 
turn. 

In  cnnnequence  of  changes  indifTerent  parts  of  the  system 
by  way  of  compousation,  resnlti*  follow  in  an  animal  which 
might  not  have  boon  auticipntiul. 

Thus,  blee<ling,  unlit^ti  to  a  dangerouH  extreme,  does  not 
lower  the  blood-presaui-e  except  temporarily.  It  is  estimated 
thai  the  body  can  ailapt  itself  to  a  loss  of  as  much  us  3  per 
oeot  of  tht*  liody-weight. 

Tho  ailnptation  is  probably  not  through  absorption  chieBy, 


Pia.  WC.~TnKliMcrn»narfli<M[.  AavbuttbalnAuNiMatMr- 
diao  luhnilUiiii  1111  >ili>>l  iinwB*.  The  nu  hi  tUp  glN 
waa  Twrr  ni|itd.  i»>in|[  ii>  maim  •nMlwn  oTIMlWirt- 
hnu.  Th"  n-laliiv  nnptlni^  of  the  •vavl*  ■woudu  (or 
Uv  pvcuUitr  rharmcier  of  Uio  aim  uf  rbiiiK  bliul-pnaiun- 
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but  thruugh  coostriotion  ot  the  vussels  by  tlic  vaso^motor 
nerves. 

Again,  an  injection  of  fluid  into  the  blood  does  not  cause  ao 
appreciable  risw  of  blood-pressure,  8o  long  as  tbo  nurvous  sya- 
t«ra  IB  intact :  but,  if  by  section  of  the  spinal  cord  the  vaso- 
motor influpnces  are  ctit  off,  then  a  rise  may  take  place  to  the 
extent  of  a  to  3  per  cent  of  the  body-weight,  the  extru  quan* 
tity  of  fluid  gcoming  to  be  accommndatM  in  the  capillarira  and 
siualliT  veiuH,  Thv^o  foots  nro  highly  significant  in  illuslrat- 
ing  ihu  lulaptivLi  power  of  the  circulatory  system  (prott-ctive  in 
its  nature),  and  are  of  practical  importance  in  the  treatment  of 
disease. 

We  think  the  benefit  that  sometimes  follows  bleeding  hftS 
not  as  yet  received  an  adequate  explanation,  but  we  shall  not 
attempt  to  tackle  the  problem  now.  Changes  in  the  circulation 
depL-nd  on  variations  in  the  size  of  the  hlood-veitsels. 

It  is  important  in  considering  thi,s  subject  (o  have  clear  no* 
tions  of  the  structure  of  the  blood-vessels.  It  will  !»  borne  in 
mind  that,  while  muscular  elements  are  perhaps  nut  wholly 
lacking  in  any  of  the  arteries,  they  are  most  abundant  in  the 
smallest,  the  arteritjles,  which  by  their  variations  in  size  are 
best  fitted  to  duloniiiub  the  qunntity  of  blood  reaching  any 
organ.  It  is  well  known  that  nerves  derived  chiefly  from  the 
sympathetic  system  pass  to  blood-vessels,  though  their  exact 
mode  of  termination  is  obscure. 

Wo  may  now  examine  into  the  nature  of  certain  facts,  which 
may  be  stated  briefly  (bus: 

I.  In  certain  vascular  ari'as  of  some  vertebrates,  as  in  1h© 
vessels  of  the  ear  of  the  rabbit  and  this  animal's  saphena 
artery,  rhythmical  variations  In  the  size  of  the  small  arteries 
may  be  observed ;  also  in  the  veins  of  the  bat's  wing  and  of  the 
Hns  of  certain  fishes  (e.  g.,  caudal  vein  of  the  eel),  as  well  as  in 
certain  ai-teries  of  some  groups  of  the  cold-blooded  animals. 

S.  Under  the  microscope  the  arterioles  of  various  parts  of 
tlio  frijg,  including  thc^e  of  the  muscles,  may  be  seen  to  vary 
apparently  spontiineously,  and  may  through  stimulation  be 
made  to  depart  widely  from  their  usual  size. 

3.  Section  of  a  large  number  of  nerves  is  followed  by  rod- 
deninfi  of  the  parts  to  which  they  are  distributed.  Tliis  is  well 
wjou  when  the  cervical  sympathetic  of  the  rabbit  is  divided ;  the 
ear  booomos  rodder,  owing  to  obvious  dilatation  of  its  blood- 
vessels; and  wanner,  owing  to  the  incroased  quantity  of  blood 
in  it,  etc.     It  bus  alito  bi:vn  noticed  in  coses  of  paralysit,  and 
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eepi'cially  in  gunshot  itnc]  other  wounds  involring  nerves,  thai 
raso-mutor  offucls  htiva  fulluwixL 

4.  Section  of  corlain  non'o^,  as  the  nervi  erigentes  of  the 
penis,  is  not  followfii  liy  ilihitntion;  but  th«N  nerres  and  the 
chorda  fympani  suiijilyiug  thi*  sulivftry  gland  are  examples  of 
BtMralled  raso-dilaiora,  iitasmucli  an  their  stimulation  giveR  rise 
to  •■iilnixf-meDt  of  the  caliber  of  the  arterioles  in  their  area  of 
distribution. 

Al  On  the  other  hnnd,  such  a  nerve  ns  the  cvrvieal  eympa- 
thetio,  as  may  hu  roiulily  ^hown  in  tho  rabhit,  wht-n  its  periph- 
eral end  is  titiuiulHtoil,  gives  rise  to  constriction,  and  hence  is 
termed  a  I'oao-tonatricior. 

fl.  When,  however,  the  divided  sciatic  nerve  is  stimulnted 
peripherally,  the  result  may  be  either  constriction  or  dilutn- 
Uon. 

7.  When  the  spinal  conl  uf  nn  nnimni  i^  dividtnl  across, 
there  ia  vascular  dilatation  of  all  the  partii  bi<low  the  section 
OoM  of  ort^rial  tony) ;  but  in  time  the  vessels  return  to  their 
OBiul  size  (restoration  of  arterial  tone). 

8.  On  destruction  of  a  certain  minute  jmrtion  of  the  niechilla 
oblon^ta,  there  is  a  geneml  loss  of  arterial  tone.  Tliis  area 
(center)  extends  in  the  rabbit  from  a  short  distance  be-low  the 
oorporft  quadrigemina  (I  to  2  mm.)  to  within  4  to  a  of  the 
calamus  scriptoriue,  as  ascertained  by  the  effects  on  the  vessels 
of  cutting  away  the  medulla  in  thin  transverse  sections.  At 
the  spot  indicated  there  is  a  collection  of  large  multipolar 
nerve-cells  (antero-lateral  nucleun  of  Clarke), 

CoBcloaioiu. — 1,  There  are  vnso-meitor  nerves  of  two  kinds — 
niiin-<tm!i{ri(inrs  &w\  tHiso-tlilijJor» — which  mny  exist  in  nerve- 
trunks  either  alone  or  mingled, 

Examples  of  the  former  are  found  in  the  cervical  sympa- 
thetic, splanchnic,  etc.,  of  the  latter  in  the  chorda  tyrapani, 
nerves  of  the  muscles  and  ner^ri  fritjfnli'ii  (from  the  lirst,  secoiiii, 
ud  third  sacral  nerv*-s),  while  the  sciatic  .'■eems  to  cont^tin 
both.  i.  ImpuUcs  ure  cunslnntly  passing  from  the  medullary 
TBBO-ni ot or  center  h1  wig  the  ner\'c»  to  the  blood-vessels,  heucu 
their  dilatation  after  section  of  the  nerves. 

The  nerves  are  traceable  to  the  spinal  cord,  and  in  some 
part  of  their  course  run,  as  a  rule,  in  the  sympathetic  system. 
3.  Impulses  pass  at  intervals  to  the  areas  of  distribution  of 
raj»o-dilatont  itloug  these  nerves,  the  effect  of  which  is  to  dilate 
the  vessels  tlirough  their  influence,  as  in  other  cases,  un  the 
muscnlar  coat. 
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It  is  staU>(J  that  in  course  of  timt'  tlio  vtvssols  of  the  rahbifs 
oar  rcgaiu  tlieir  tone.  aotwitLslnndiitg  tUaC  the  iiilluunce  of  the 
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Ete.  Ma.—Dlunun  at  nfrrrtiu  raMO-mainr  mw-hanlam .  t.  Cbunrof  alTrivnt  luipuln  rrwo 
UiH  Iimrf  flS'irnlidiA  Dip  ilviin-uiir  iiprvr^  U.  CtHinv  fnnn  •onw  othn' Pan  nl  UirhmUi. 
Ill  l/i>Lim>  tf-m  Ninir  iM^rii^Ifi-rii]  ri*if liui  ftUifllt  a  lliiTvc  JolulPff  tbe^lMFlviivl  Thi-  rITfr 
cm  Inii'ulx-a  Arv  rrim-vnii'il  iw  iumUux  Io  •  taaailar  >n«.  rtduowl  Cur  Hit  aakfot  ilm- 
plll!ll>  lO  a  liiUKlo  UUiriOlir. 

cenlml  nervous  system  Jias  boon  cut  off  bjf  section  of  the  vaso- 
motor nerves. 

Toexpliiin  this  i-csult.  a  ?om/  nervoua  mochnnism  has  boon 
assumed  ti>  rxint.  though  not  domonslratod  i.<ithor  ftnatonitcnlly 
or  jihy!*iuli)gicfilly.  Intereiiting  oxpt-riuu-iif »  have  lately  (thovrn 
thiit  brjth  in  mitinmalB  and  cold-blooded  snimaU  the  effort  on 
Iht'  blood -vpsselB  rarifs  with  the  intensity  and  character  of  the 
Btimulus,  and  not  only  vrlth  the  grou]t  of  animnlB  tested,  but 
i'\'en  with  the  sarni'  individuals  at  different  peritMls  during  the 
experiment ;  and  we  taki'  the  upportunity  to  n'iH»w  our  expres- 
sion of  opinion  with  this  fresh  ovidenco  that  the  laws  of  physi- 
ology can  not  be  laid  down  in  the  rigid  way  that  has  pruvniloJ 
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!o  so  Irfko  an  «xtM»t  iiji  to  th«  prt'SL-iit  tiiiu- ;  Ijul  tliat  our  widen- 
ing cx|M.Tienec  sliiiu;<  (wlitit  oiigLt  1u  have  buen  expec-k'd)  that 
thu  grc*t*«t  allowftiico  must  1)0  mado  for  group  if  not  individ- 
ual variations  evorywJit-re.  There  is  also  evidence  to  show  that 
the  mode  of  Rtimulatiou  in  experimental  cases  cmi!<eei  the  n-«nlt 
to  vary.  From  such  facts  as  are  stated  in  paragriipli  sovon,  it 
is  inferred  that  there  are  vaso-iiiotor  centers  in  tliu  ^piual  cord 
which  are  nsnatly  mihordinatod  to  tho  main  center  in  the  me- 
dalln,  hut  whii'h  in  ihu  absence  of  the  control  of  the  chief  oen> 
ter  iu  the  miHlulIa  assume  an  indejwndent  regulating  inihience. 

A  loi-a1  vaso-raotor  meclianism  does  not  seem  to  us  net-os- 
8ar>'  to  ex]dain  the  changes  which  the  blood-ve^wls  undergo, 
and  ttbmild  not  be  adopted  as  an  article  of  physiological  faith 
till  doraonstrated  to  exist.  If  wo  assume  that  the  inrlopendetit 
conlra<^tilily  of  musclo-cells  Is  retained  iu  the  blood-vessels, 
and  that,  when  freed  from  the  influence  of  the  central  nervous 
system,  which  hucometi  more  and  more  dominant  as  we  ascend 
the  animal  scale,  there  is  a  rrfersion  to  an  ancestral  condition, 
a  new  li^ht  is  thrown  upon  the  facts.  It  is  a  case  of  old  hahiU 
gaining  sway  when  the  check-rein  of  ner\'ou8  inHuence  is  re- 
moveirt ;  and,  as  we  shall  show  from  time  to  time,  this  law  applies 
to  every  organ  of  the  body.  Moreover,  not  to  go  beyond  the 
vascular  system,  this  independent  rhythmic  activity  is  seen  in 
the  isolate)!  soctioiiH  of  the  pulsatile  veins  of  the  bat's  wing, 
devoid,  so  far  as  we  know,  of  nervous  oells.  Such  facts  lend 
■Pme  color  to  the  view  that,  after  distention  of  the  vessels  by 
fte  cardiac  systole,  the  return  to  their  previous  sise  is  aided  by 
rhytiimical  contractions  nf  the  muscIe-celU. 

L*t  us  HOW  consider  certain  other  well-known  oxpcrimontal 
tacts: 

1.  There  is  a  nerve  with  variable  origin,  course,  etc.,  in  dif- 
ferent mammals,  hut  in  the  rabbit  given  off  from  either  the 
vagim,  the  superior  larjTiReal,  or  by  a  branch  from  each, 
which,  nmning  neai"  the  sympathetic  ner^^e  and  the  carotid 
artery,  niu-hc^t  the  heart,  to  which  it  is  distributed.  This  is 
knowD  as  tho  flfprviisftr  nerve. 

a.  The  vagi  nerves  having  hiK'n  dividwl.  stimulation  of  the 
central  end  nf  the  cut  depressor  nerve  is  followed  by  u  fall  in 
hlood-pressare,  which  may  not  be  accompanied  by  any  altera- 
tion in  tlK?  cardiac  rhythm. 

3.  This  effi'i't  may  in  gi-ent  part  be  prevented  if  tho  splanch- 
nic nerves  be  divided  previous  to  stimulatioi)  of  tho  depreiwir. 

1.  If  the  splanchnic  area  (n.-gion  of  tho  main  abdominal 
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T[MerA)  be  inspf^cted  dnring  tlie  fall  in  blood-pressuro,  it  m&y 
lie  notice<l  that  there  is  Timcular  fullneKi)  umltir  thene  circum- 
stances. 

These  results  are  iiiterpr«t«(l  as  \mng  due  to  afferent  im- 
pul»e«  ascoudliiK  the  df^prc-Msor,  act  iiig  ou  the  vuso-Diutor  center, 
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Fid-  M- — Ctirvu  of  bEi<ii]-|>n?wiiuv  n^ulUiuc  from  nEmutUlon  of  Uie  <vnml  ctid  of  the  dt^ 
(SMiBir  iwm\  Til  be  ntul  from  riuhl  to  Wl  T  ludU-aim  [!».■  ™i»  ni  »  bk'b  Uit-  iwxtRllnii 
■urtue  iiutviil,  llw  latcmtla  dtmoUuic  iwi>n<lii.  Ai  >.*  iIh'  airn-ni  «u  iliniwn  lolo  Uw 
hm-tk  knd  ihui  oil  at  <X    Ttu)  nmii  i^iiiMtra  alltr  b  |vn»tl  ul  Istcur).  uul  uutlaau  Uw 

■Unnihu  IFotlrt), 

and  interfering  with  (inhibiting)  the  outflow  of  offerent,  oon- 
stricttve,  or  tonic  impulses,  whit-h  start  from  the  vaao-motor 
center,  descend  the  oord,  and  find  their  way  to  the  organs  of 
the  region  in  question,  in  consequence  of  which  the  mus- 
cular coats  of  the  arteriole*  relax,  morp  hlnnd  flows  to  this 
urea  which  is  very  largo,  and  the  general  blood-pressure  is 
lowered. 

Again,  if  the  central  end  of  one  of  the  main  nerves — e.  g., 
sciatic — hu  stimulated,  a  marked  change  in  tlio  blond-preissuro 
results,  but  whether  in  the  direction  of  riiw  or  fall  seema  to 
depend  upon  the  condition  of  the  central  nervous  system,  for, 
with  the  animal  under  the  influence  of  chloral,  there  is  a  fall; 
if  under  urari,  a  rise. 

It  IB  not  to  be  s^ppoe(^d  that  the  ehange  in  any  of  those 
COBOS  is  confinoil  tu  tuiy  one  veseulnr  art-n  invariably,  but  that 
it  is  this  or  that,  ac<:ording  to  tliu  nurve  stiniultiUni,  the  condi- 
tion of  the  CHnteni,  and  a  number  of  other  circumstances. 
Moreover,  it  is  imjKtrtant  to  b<>ur  in  mind  that  witli  u  fall  of 
blood-proBsure  in  one  region  there  may  be  a  eorresponding  rise 
in  another.  Witli  these  considerations  in  mind,  it  will  he  ap- 
parent that  the  changes  in  the  vascular  syetem  during  the 
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ooamfi  of  a  single  liotir  are  of  the  most  complex  and  varUblo 
character. 

Though  spwial  att^tiition  has  been  draw-n  to  sucli  rhyth- 
mical variations  Ret  mny  be  witne^sod  in  tho  rabbir^  vav,  \>M's 
wing,  fU:..  tlierv  <rnii  hr  liltlo  doubl  thtit  (-hiuiKi-s  ns  marked, 
though  possibly  \v>'»  di)>tiiirtly  rhytlimini),  tiro  C(.iutiLimtly  tak- 
ing pliuie  in  the  vertubrutu  body,  mid  (Mpucially  in  that  of  man, 
with  his  complox  emotional  nature  oad  thu  many  viciesitudeK 
of  m^Klprn  criviliztv)  life.  Tlie  fretjueiit  fbanftus  in  color  in  the 
faces  of  certain  people  are  in  this  connection  suggeslive,  though 
we  hope  we  have  made  it  clear  that  these  vascular  moilitica- 
tions  are  dependent  chiefly  on  I'^intri  petal  influences  from  every 
quarter,  though  actually  brought  abont  by  centrifugal  im- 
pulses. Whether  tJiere  \»  a  rhythm  obscureil  by  minor  rhythnut, 
owing  to  an  indo]KnHlvtit  or  automatic  action  of  the  viwo-motor 
center,  though  nut  imprubnblu,  muDt  be  rwgardwl  oo  undeter- 
mined as  yet. 

The  question  of  the  distribution  of  vaeo-motor  nerves  to 
veins  is  also  one  to  which  a  definite  answer  can  not  be  given. 


Tub  Capillaries. 

The  cells  of  which  the  capillaries  are  composed  have  a  con- 
tractility of  their  own,  and  hence  the  calilter  of  the  capillaries 
is  not  determined  merely  by  the  arterial  pressure  or  any  similar 
mM'^haaical  effect. 

Certnin  abnormiU  conditions,  induced  in  these  vessels  by 
the  application  of  irrit^mts,  cause  clianges  in  the  blood-flow, 
which  can  not  be  explained  apart  from  the  vitality  of  the  ves- 
sels themselves. 

Watchod  through  the  microscope  under  such  circumstances, 
the  blood-corpuscles  no  longer  pursue  their  uitual  courao  in  the 
mid-ftream,  but  seem  to  he  generally  distributod  and  to  hug  the 
walla,  one  result  of  which  is  a  slowing  of  the  stream,  wholly 
independent  of  events  taking  place  in  other  vessels.  It  is  thus 
seen  that  in  this  condition  (sfiiftin)  the  i'a))illarit!s  have  an  in- 
depiMident  iufliiunce  essentially  vital.  We  .■•ay  independent,  for 
it  is  still  an  oiK-n  question  whether  iiorvus  are  dislriliuted  to 
capilUries  or  not.  That  inflammation,  in  which  nUu  the  walls 
undergo  such  serious  changes  that  white  and  ev«n  red  blood- 
celts  may  pass  through  them  (diapedesis),  is  not  uninfluenced 
by  the  nervous  system,  possibly  induced  through  it  in  certain 
cnaes,  if  not  all,  seems  more  than  probable. 
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But  when  we  consider  tlie  lymphatic  syetem  new  linht  will, 
it  iii  hnpp(i,  lie  thrown  upon  the  Huhject  of  the  nature  ami  the 
inflneiw-i-s  wliiirh  modify  the  capillarieR,  One  thin>{  will  be 
clciii'  from  whiLt  has  been  naid,  that  even  nornmlly  the  cnpiU 
luric<»  luniit  ox(<rt  an  inQuoucc  of  the  natun*  u(  a  rettixtaiice. 
■  •wing  lu  their  pufuliur  vitiil  propurlins ;  and,  as  we  have 
already  intimatixl,  such  considerations  should  not  be  encludwl 
from  any  conclusioas  we  may  draw  in  regard  to  tubes  that  are 
made  up  of  Itvin^f  mils,  whether  arteries,  veins,  or  capillaries, 
thoufifh  manifestly  the  applio.'tbility  Ui  capillaries  with  tliwir 
less  mollified  or  more  primitive  structure  is  stronger. 

It  has  now  becomo  cImu*  that  the  circulation  may  be  modi- 
fiwl  either  eent rally  or  [leriphcrally ;  that  a  change  la  ne%'er 
purely  locnl,  but  is  correlated  with  other  chanRea;  that  the 
whole  is,  in  the  hisher  animals,  directly  under  the  dominion 
of  the  central  nervous  system ;  and  that  it  is  through  this 
part  chiefly  that  harmony  in  tho  vascuUr  as  in  other  sys- 
tems and  with  other  systoiiis  is  establishe<l.  To  have  ade- 
quately jifrnsped  thi«  couooption  is  worth  more  than  a  knowU 
edge-  of  all  the  details. 


Special  CuKSiDKRAtioNS. 

FathologioaL— Changes  may  take  place  either  in  the  sub- 
Stance  of  the  cardiac  muscles,  in  the  valves,  or  in  the  blood-vos- 
sols.of  a  nature  unfavorable  to  the  welfare  of  the  body.  Some 
of  those  have  been  incidenlally  referred  to  already. 

Hypertrophy,  or  an  increase  in  the  tissue  of  the  heart,  ii 
(renerally  dependent  on  inrr«wo<l  rcyisUmce,  either  within  or 
without  the  heiirl,  in  the  region  of  the  arteriokis  or  capillttries. 
Imperfections  of  the  aortic  valves  may  permit  of  regurgitation 
of  blooii,  L>nt)tiling  uu  extra  effort  if  it  is  to  be  oxpelk-d  in  addi- 
tion to  the  usual  quantity,  which  ajrain  leads  to  hypertrophy ; 
but  this  is  often  succeeded  by  dilatation  of  the  chambers  of  the 
heart  one  after  the  other,  and  a  host  of  evils  smwing  out  of 
this,  largely  dependent  on  imperfwt  venous  circulation,  and 
increased  venous  pressure.  And  it  may  Ik'  here  noticed  that 
arterial  aiul  venous  pressures  are,  as  a  general  rule,  in  inverse 
proportion  to  each  other. 

If  the  quantity  of  blood  in  the  ventricle,  in  consequence 
of  regurgitation,  should  prove  to  be  greitter  than  it  can  lift 
(vject),  the  heart  ceases  to  beat  in  dijistole;  hence  some  of  the 
sudden  deaths  from  disease  of  the  aortic  vulvcs. 


THB  CIBCULATIOK  OP  THB  BLOOD. 


a«8 


Asa  roATiIt  or  fntty,  or  othor  foriim  of  degenerntion,  llie 
hcnrl  may  siidiioiily  riiptiir*'  urnlor  Ktmiii]<i. 

Actuiil  vx[R!rimoi)t  on  tlio  urtorius  of  iininuiU  rucuiitly  Uead, 
including  nii'ii,  i<:hi>n'8  itiat  tho  L*last{city  uf  llits  artorimi  uf  pven 
tulult  mnmniHls  is  an  perfoi't  as  that  of  the  vestwls  of  tbe  chili], 
so  tliiit  man  rnnks  lower  than  other  animale  in  thin  respect. 

After  midille  life  the  Iohr  of  arterial  elastioity  i»  consider- 
able and  proyresRlve.  The  arteries  may  undergo  a  dof^onoro- 
tiori  fmin  fatiy  <-h»)i^>s  or  lU'posil  of  lime;  sutdi  vosst'U  are.  of 
ixiunM*.  li»bU>  to  rupture:  heiice  ouu  of  the  fruquont  inud(«  of 
death  among  oM  ponwns  is  from  paralysis  traceable  to  rupture 
of  vessels  in  the  bntin. 

Thetie  ami  other  chaof^es  also  cause  the  heart  more  work, 
and  nuiy  leatl  to  hyperirnphy.  E%'en  in  yoiinf*  ])ersoui4  llic 
Rlrain  of  a  prolonged  athletic  career  may  entail  hypertrophy 
or  t«>me  other  fonn  of  hoart-tliscnse, 

Wt'  tnentioi)  such  facts  ns  those  t^i  show  the  more  clearly 
how  imjKjrIant  i*  bnhinco  and  the  power  of  ready  adaptnlion 
in  all  parts  of  the  circulation  to  the  maintenance  of  a  healthy 
condition  of  body. 

The  heart  is  itself  nourished  through  the  coronary  arterie(*: 
fio  that  morbid  alt^rationa  in  theoe  vettiielH  cause,  if  not  sudden 
and  [Mtinfnl  death,  at  lenst  nutritive  chnnges  in  the  1ie»rl-sul>< 
stance,  which  may  lead  to  ix  dramatic  end  or  to  a  slow  imjmir- 
mcnl  »if  cArdiac  [jowcr,  etc 

PtrtOBftl  OlMerration.— The  circulation  is  one  of  those  deimrt- 
menl^of  physiolo^jy  in  which  the  student  may  verify  much  ujjon 
his  own  person.  The  cardiac  impulao,  the  heart's  sounds  (with  a 
idonlile  Htethoscnjie),  the  pulse — its  nature  and  changes  with  cir- 
ims lances,  the  venous  circulation,  and  many  other  subjects, 
an  sll  easy  nf  observation,  and  after  a  little  practice  without 
llnbilily  of  causing  those  aberrations  due  to  the  atteittioti  being 
drawn  to  ono's  self. 

The  oImmt  vat  ions  nee<l  not,  of  coursoj  Ijo  confined  to  thy  stu- 
dent's own  |»erson;  it  is,  however,  very  im|x)rtaiit  that  the  nor- 
mal should  be  known  before  the  obser\'er  is  introduced  to  casea 
of  di^eafte.  Frequent  comparison  of  the  natural  and  the  dis- 
eased condition  renders  physiology,  [lathulogy,  and  clinical 
Rietlicine  much  good  service.  Wo  a^in  urge  upon  the  student 
to  try  to  form  incrcnsingly  vivid  and  corruct  mental  pictures 
of  the  circulation  under  it«  many  changes. 

Coffiparative,— An  interesting  iirrangL-uieut  of  blood- veswele, 
koowu  lu  a  reUi  mirubUe,  occurs  in  every  main  group  of  verto- 
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bnitc-«.    Ail  flrlwy  broakti  up  iiito  a  Rreat  numlwr  of  vessels  < 
Denrly  tbu  samv  »\ze,  which  Wnuinate,  abruptly  and  withaat 
capillaries,  in  another  arterial  trunk. 
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Fw-  t^.  —  Hftf  miritbiif  tat  iluH-ji,  ra^a  In  |ir\>nio  iHrii*rrii4urniuj^    Tlin  Iatiot  r#*<*  Ufncan 
niivltiin  wldi  lilt  MKv|itiall«  arlvriis ;  tliv  uiinUur.  thi>  "iiMlialiulc.    Thv  Ittf  arury  Ic  Ok 

(«r>itiit. 

Thoy  aro  found  in  ft  variety  of  ititttntioau.ibt  on  tbo  c-arolid 
and  vurtfbratu  arturiutt  of  animalit  tliat  naturally  fuuil  from  thi- 
ground  for  lung  periods  togothur,  a»  tUu  rumiaants;  in  tho 


Flo.  WIJ.-A«rt!on  of  a  1nii|>lull^  f^t'  nifmfrdc  frniii  tlir  (HTiilil.ul  ■jiuiv.  infi**  OiaurHU). 
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doth,  that  hniiRa  from  ti-eett;  hi  the  \tiga  of  swans,  gc«fie,  etc. :  in 

thv  hoi-^t'it  tiMt,  iu  wliii-h  thi3  arterios  break  up  iulo  many  small 

tlivisious.       It    has    boeu 

migi^ted   that    these  ar- 

nLii|;enifnts   permit  of  a 

inipply  of  iirU'rinl   blnoil 

being  maintninvl  wilhum 

congtuMiun   of    the   )mrt)>. 

Very    niiirkM    torluusity 

i»(  vcssi'h,  us  ui  the  8ual, 

thii  corotirl  of  which  U 

s&id  to  be  forty  iimea  as 

long  as  the  space  it  trav- 

«nM,  in   all    probability 

serves  tin-  sjime  imr[tose. 

Endation.  —  The  cem- 
parativu  sketch  n-o  liiivo 
given  of  the  viiscular  sys- 
tem will  (toubtless  sUK- 
geat  a  graduiil  evolution. 
We  oliwrve  throughout  a 
ilepandence  and  resem- 
blance which  we  think 
can  not  be  nlherwiso  ex-  fw-ta^vciamoi  uw  tool  or  un.  hom (aru-r  tawa- 

platncfl.     The  similarity 

of  the  fu>tal  circuhitiou  in  the  mammal  to  the  permanent  circu* 
latiuD  of  lower  groups  has  much  meaning.  Kven  in  the  high- 
eat  form  of  heart  the  original  pulsatile  tube  is  not  lost.  The 
great  veins  still  contract  in  the  maninml :  the  sinus  veiiosu^  is 
probably  the  result  of  blending  niid  expansion.  The  later 
diffon-titifUions  of  tlie  parts  of  the  heart  are  cltiirly  related  to 
the  uduptution  to  ultured  suiToundings.  Such  in  seen  in  the 
fatal  heart  and  circulation,  and  has  probably  been  the  <leter- 
mioing  caui^e  of  the  forms  which  the  cii-culatory  orgami  have 
aWDQinl. 

It  is  A  fact  that  tho  part  of  the  heart  tbnt  survives  the  long- 
i-st  under  adverse  conditions  is  that  which  bears  the  stamp  of 
greatMt  aQccstrsl  antiquity.  It  (the  sinus  venosus)  may  not 
be  lew  noder  nervous  control,  but  it  certainly  is  least  depend- 
ent on  the  nervous  system,  and  has  the  greatest  automaticity. 

It  is  surely  fortunate  for  man  that  this  part  of  the  reijtilian 
hoart  is  represented  in  his  own.  In  cases  of  fainting,  partial 
drowning,  or  othor  iiistauces  of  impending  death,  this  part,  with 
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tlie  atiriclw  it  may  be,  rnntinues  to  Iteat  vrlien  the  vAutriclM 
liuvo  ceiuted  ;  and  we  Iiavci  learned  tbat  so  long  us  these  parte 
Hre  functionally  active  tliero  i«  n  gntiUrr  iir(.)bitl)ility  that  the 
quieswiit  n-giuri»  may  n.'i'ummonco.  Activity  begets  activity, 
in  cardiac  miuiclo-oellii  at  least.  How  are  these  facta  to  be 
explaiupc)  apart  from  evolution  ? 

Thf  Inn-  of  rhythm  in  organic  nnttii'o  fin<ls  souio  of  its  most 
evtdonl  exempli Hcationii  iu  the  virrubition.  Mimt  of  the 
rhythnix  are  comiKmnd,  one  being  blended  with  or  superim- 
posL-d  im  another.  Even  the  apparent  irregularitieii  of  the  niir- 
mal  heart  are  rhythmical,  such  as  the  very  marked  slowing 
and  other  cliuiigvs  accompanying  expiration,  especially  in  Mome 
aiiimalfl. 

We  trust  we  have  mat)e  it  eWdent  that  the  greatest  allow- 
ance must  be  made  for  the  animal  gn»«p,  and  some  even  for 
tlie  individual,  in  e.stimating  miy  one  of  the  factont  of  the  cir- 
culation. We  kmtw  a  gno<l  deal  at  present  of  cnrdiac  pliysiol- 
ogy,  hut  we  do  not  know  n  physiology  of  "  the  heart  "  in  the 
flenxe  in  which  wo  understand  that  term  to  have  been  used  till 
recently — i.e.,  we  are  not  in  a  position  to  state  the  laws  that 
apply  to  all  forms  of  heart. 

Summary  of  the  Physiology  of  the  Circulation. — In  the  mammal 
the  cinuliilury  apparatit.-*  foriiiH  a  cU>su<l  ^^ystum  consisting  of  a 
central  pump  or  hoiirt,  urtoriuti,  capillaries,  and  veins.  All  the 
parts  of  the  vascular  system  are  elastic,  but  this  property  l> 
most  developed  in  the  arteries. 

Since  tlie  tissue-lymph  is  prepared  from  the  blood  in  the 
capillaries,  it  may  be  said  that  the  whole  circulatory  system 
existii  for  these  vessels. 

As  n  result  of  the  action  of  an  intermittent  piunp  on  elastic 
veeaelfi  against  peripheral  ra'iistanre,  in  consequence  of  which 
the  arteries  are  always  kepi  mow  than  full  (di.-^tendiHl).  the 
flow  through  the  capillarien  and  veimt  is  constnnt-~a  very  great 
advantage,  enabling  the  capillaries  to  accomplish  their  work  of 
feoling  the  ever-liuugry  tissues.  While  i»hysical  forcen  play  a 
very  prominent  part  in  the  circulation  of  the  blood,  vital  ones 
must  not  be  ignored.  They  lie  at  the  foundation  of  the  whole, 
here  as  elsewhere,  and  must  bo  taken  into  the  account  in  every 
explanation. 

As  a  consequence  of  the  anatomical,  physical,  an<l  vital  char- 
acters of  the  circulatory  system,  it  follows  that  the  velocity  of 
the  blond  is  greatest  in  the  arteries,  least  in  the  cajjillaries,  and 
intermediate  in  the  veins. 
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Tho  v^iiiR  n-jtli  tbfir  valves,  their  superQcial  position  and 
thinner  walU,  make  up  a  8et  of  coixHtions  favni-inf;  the  ontlow 
of  the  bliKirl,  esfiocially  iindt-r  miit^'ularexercitte. 

lit  tho  mnmiiial  the  circulatory  nytiteni,  by  ri>ason  of  itseon- 
nvctions  with  tho  iligv^tive.  ivxpiralury,  hik]  lymphutic  xystems, 
uiiil  in  u  K<i!Si<r  (li.>gri-u  with  all  purti«  of  tht-  Ix^dy,  oyiHrially  the 
gluudular  organs,  maiutoinii  ut  vncv  thu  UHi-fuluuia!  and  the  fit- 
ness of  the  blood. 

The  arterioleB,  by  virtue  of  their  highly  developed  nuisoilar 
coat,  are  enabled  to  rtijfiUtU  the  blood  •sup  ply  to  everj'  part,  in 
obcdiomro  to  tho  nervous  system. 

Tht'  blo<Ml  exercises  a  certain  pressure  on  the  wails  of  all 
»rta  of  the  vascular  sywlt-m,  which  is  greate.st  in  the  heart  it- 
elf.  luK^i  in  the  arterinri,  lower  in  the  capillarifs,  and  lowest  iti 
ji-  veins,  in  the  largest  of  which  it  nmy  be  less  than  tlur  Kttnu^- 
jdioric  pn.-><surt>,  or  negative.  The  ht-iirt  in  the  nianimal  conxist^ 
of  four  perfectly  SL<puntl4Hl  cliamlKTs.  each  ujipur  and  wwh 
lower  poiir  workinR  synchronoualy,  intermixture  of  arterial 
and  venous  blood  l)eiii^  prevented  by  aepta  and  interference  in 
working  by  valves.  The  lienrt  is  a  fi)ree.])nmp  chiefly,  but.  t« 
souio  extent,  a  suctiuii-punip  iili-o,  though  its  pnwer  us  such 
purely  from  its  own  action  and  independent  of  the  respiratory 
toovementtt  of  tho  chi-st  is  slii^ht  under  onliiinry  oiirumstancoiiL 
In  <xni«e(|uunce  of  the  lesser  resistance  in  thu  pubnouary  divis- 
ioa  of  the  circulation,  the  blood-pressure  within  the  heart  ia 
much  less  in  the  ri^bt  than  in  the  left  ventricle — a  fact  in  bar* 
inony  with  and  causative  of  the  greater  thickness  of  the  walls 
of  the  latter:  for  in  the  foetus,  in  which  tho  conditions  are  dlf- 
fen-nt,  this  distinction  duos  not  hold. 

Tho  voutriclea  usually  completely  empty  thumsolvo*  of 
blood  and  maiutain  their  systtdic  contraction  even  after  this 
has  bctm  effected.  The  contraction  of  the  heai't,  which  really 
begins  in  the  great  veins  near  their  junction  with  the  auricles 
(that  do  not  fully  empty  themselves),  is  at  once  followed  up  by 
the  auricular  and  ventriculur  contraction,  the  whole  constitu- 
ting one  long  iteristultic  wave.  Then  follows  the  cardiac  pause, 
which  is  of  longer  duration  than  the  entire  systoh:. 

When  the  heart  contracts  it  hardens,  owing  to  closing  on  a 
non-compressible  fluid  dammed  back  within  its  walls  by  resist- 
ance a  /ronie.  At  the  same  time  the  hand  placed  on  the  chtutt- 
walls  over  the  heart  ia  sensible  of  the  cardiac  impulse,  owing 
to  what  has  ju.it  been  mentioned.  The  systole  of  the  chambers 
o(  the  heart  gives  rise  to  a  first  and  a  second  sound,  so  called. 


368 


ANIMAL  I'llYSiOl-OOy. 


caiiiiuil  !>)■  jfovoral  fvoiita  combined,  in  which,  howovur,  the  ten- 
sion of  tilt'  valvea  must  take  a  prominent  share.  The  work  of 
the  heart  is  (lopt'iuloiit  on  the  quantity  of  bloocl  it  ejet-ts  and 
the  pressuif  against  which  it  acts.  The  pulse  is  an  elevation 
of  tlie  arterial  wall,  occurrinK  with  each  heart-lioat,  in  conse- 
qnence  of  the  passage  of  a  wave  over  the  general  blood-stream. 
There  is  a  diatention  of  the  entire  arterial  systt'm  in  everj'  di- 
rection. The  pulse  travel!*  with  extreme  velocity  as  compared 
ritli  the  blood -cur  rout.  Tho  hoar1-b«it  varies  in  foi-ce,  fre- 
lency,  duration,  ntv.,  and  with  ago.  hux,  posture,  and  numer- 
ous otht-r  circum)-tn,ncL-s. 

The  wholo  of  tht-  circulatory  system  is  regulated  by  the  cen- 
tral nervous  8yst4.^m  through  iiL>rvL«.  Thoru  is  in  tho  medulla 
ohloiigula  a  smnll  collection  of  nurvo-Cflls  making  up  tho 
cardio-iidiibitory  center.  This  center,  with  varyiug  degroi-s  of 
constancy,  depending  on  the  group  of  animals  and  the  needs 
of  the  organiBm,  .leiids  forth  impulses  (which  modify  the  beat| 
of  the  heart  in  force  and  fre<iuency)  thi-nugh  the  vagi  nerves. 
There  are  nerves  of  the  sympathetic  system  with  a  center  in 
the  cerviciil  ^piniil  cord,  and  po^ihly  another  in  the  modnlla, 
which  arc  cupiiblo  of  origimiting  either  an  uccolvration  of  tho 
heart-rhythm  or  an  increase  of  thu  force  of  the  bent,  or  both 
together,  known  as  accelerators  or  augmentors.  In  the  verte- 
brates thus  far  examined  the  vagus  is  in  reality  a  vago-sympa- 
thetic  nerve,  containing  inhibitory  fibers  proper,  and  8ynip&- 
tbetic,  accelerator,  or  motor  libers. 

The  inhibitory  fillers  can  arrest,  slow,  or  weaken  tho  cardiac 
beat:  the  synipalhetic  accelerate  it  or  nuguieut  its  force. 
When  both  arc  stimulated  together,  the  inhibitory  prevail. 

These  nerves,  as  also  tho  accelerators,  exercise  a  profound 
influence  upon  the  nutrition  of  the  heart,  and  eflfect  its  electri- 
cal condition  when  stimulated,  and  we  may  believe  when  influ- 
enced by  their  own  centers. 

The  inhibitory  fibers  tend  to  preserve  and  restore  caniiac 
energy;  the  sympathetic,  whether  in  the  vagus  or  as  tho  aug- 
mentors, the  reverse.  Tho  vagus  nerve  (and  jirobably  tho  de- 
pressor) acts  as  an  afferout,  cardiac  sensory  nerve  reporting  ou 
the  intra  -  cardiac  pressure,  etc.,  and  so  enabling  the  vaso- 
motor and  cardio-inhibitory  centers,  which  are,  it  would  seem, 
capable  of  related  and  hanuonious  action  to  act  for  the  general 
good. 

The  arterioles  must  be  couceivod  as  undergoing  very  fro* 
quont  cliangos  of  caliber.    They  are  governed  by  tlie  vaeo- 
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motor  c<>nt«r,  situated  in  tlie  medulla,  anil  possibly  cer(.ain  fmb> 
oriliiiat«  centi-rs  in  the  »iiiii«l  coni,  thifjuKh  vaso-motor  nerves. 
Tht«tu  lu-o  (a)  vaAo-ixin.Htnctors,  which  maintain  a  conntant  but 
Turiublf  ili-gnio  of  contraction  of  the  muacle-cells  of  the  vcsscIk  ; 
{b}  viuo-dUators.  which  &ro  not  iu  coiisUint  finictioiml  activity ; 
anil  (c)  mixvd  nurvii^,  with  both  kimlit.  An  iuhcrititc]  ti^ndvuvy 
to  rhj-thmica!  contraction  throuKliout  tho  untiro  vascular  Bys- 
t«ni,  includin)^  the  vessels,  must  be  taken  into  account. 

The  ilepressor  nerve  iw'ts  by  lenseniii]^  the  tonic  contraction 
of  (dilating)  tho  vi-s^ils  of  tho  .splaiLChnic  area  CKi^Hxiially. 

It  is  important  to  remember  tltat  all  the  changes  of  tho 
vascular  t>y»t^'m,  so  \oiig  as  tin-  norvoux  sy«(t4:'m  in  iiitHC'l — i.0., 
BO  long  as  an  animal  is  normal — art-  uorri'latcd ;  and  that  the 
action  of  such  nervea  as  the  depressor  is  to  be  taken  rather  as 
an  example  of  how  some  of  these  changes  are  brought  about, 
mere  chapters  in  an  incomplete  but  voluminous  history,  if  we 
couM  but  write  it  all.  I'he  changes  in  blood -pressure,  by  the 
addition  or  removal  of  a  considerable  quantity  of  hlood,  are 
slight,  owing  to  the  sort  of  adaptation  referred  to  above,  uffect^d 
tliniugh  tho  tif-rvouR  system.  Finally,  tho  capillary  cir^-ulation, 
whi>n  Htuiliod  micrnHcopically.and  evpi^ciiilly  in  disordered  cou- 
tlitioms  shows  ciluarly  that  tiiu  vital  properties  of  these  vessels 
have  an  important  share  in  determining  the  character  of  the 
circulation  in  thL-mxelves  directly  and  elsewhere  indirectly. 

The  study  of  tho  circulation  in  other  groups  shows  that 
below  birds  the  arterial  and  venous  blood  undergoes  mixture 
somewhere,  usually  in  the  heart.,  hut  that  in  all  tlio  vertobrntes 
the  best  blood  is  invariably  that  wliich  pa)«»i«s  to  tho  hoad  and 
upper  regions  of  the  body.  The  dvhcioucies  in  the  heart,  owing 
to  tho  imiiorfections  of  valvus,  svptu,  etc.,  are  in  part  cimnter- 
•cUfti  ill  somo  groujtg  by  pn-ssuru  relations,  the  blood  always 
flowing  in  the  direction  of  least  resistance,  BO  that  the  above- 
mentioned  result  is  achieved. 

Capillaries  are  wanting  in  most  of  the  invertebrates,  tho 
blood  flowing  from  the  arteries  into  .tpnces  (sinuses)  in  the  tjfl- 
sttra.  It  is  to  be  noted  that  n  modified  blood  (lymph)  is  also 
found  in  the  interspatres  of  the  colls  of  organs.  Indeed,  the 
circulator}'  system  of  lower  forms  is  in  many  respects  analogous 
to  the  lymphatic  systom  of  higher  ones. 

IB 
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DIGESTION  OF  FOOD. 

TIi»  proceflses  of  digestion  may  be  coiisi(lcR«]  us  having 
for  t}i«ir  pnrf  the  preparation  of  food  for  «ntraticit  into  tbo 
blood. 

TbU  18  in  part  iittamed  whon  tlic  insoluble  partx  lia%'i>  been 
reiiderL"!  soluble  At  llii^  tttfij^i;  it  buconictt  nocesstuy  to  inquire 
as  to  what  cM>nKtitutt'n/GM(/  or  a  footi. 

Inastnuc;h  a«  Biiiniul»,  uiiliki*  plants,  derive  none  of  thpir 
food  from  the  atmosphere,  it  in  manifest  lliat  what  they  take  iu 
by  the  mouth  must  contain  every  chemical  elenient,  in  sonio 
form,  that  enters  into  the  composition  of  the  body. 

But  actual  ex])<!rience  demonstrat<>«i  that  the  food  of  animalu 
must,  if  w©  fjcpppt  certain  snHa,  bci  in  organized  form— i.  o.,  it 
must  approximate  to  the  condition  of  the  tissui-s  of  tbo  body  in 
a  large  di.'grt<o.  PInnts,  in  fiict,  art?  ne(^e«8ary  to  animals  in 
working  up  Ihu  t'lumculs  of  the  t-'arlb  and  air  into  form  suit- 
able for  them. 

Foodstuffs  are  divisible  into : 
i.  Organic. 

1.  Nitrogenoua. 

{a.)  AUmmins, 

(fc.)  Alhutninoids  {as  gelatine). 

2.  Non-nitrogenoii)!. 
{a.)  Cnrbfjbvdi-ates  (gugam,  utarcbes). 
(b.)  Fat«. 

11.  Inorgsnic, 
I.  Water. 
•i.  Salts. 

Animals  may  derive  the  whole  of  their  food  from  thp 
bodies  of  other  tinimuls  (caruivum);  from  vegetable  mailer 
exclusively  {hrrbivora) ;  or  from  a  mixture  of  the  animal  and 
vegetable,  as  iu  the  ease  of  the  pig,  bear,  and  man  himself 
[ontnirorn). 

It  ha»  tx-en  found  by  feeding  experiments,  carried  out  mostly 
ondogt^,  that  animals  die  when  they  lack  any  one  of  the  con- 
stituents of  fijod.  though  they  live  longer  on  the  nitrogenous 
thai]  any  other  kind.  In  some  instances,  as  when  fed  on  gela- 
tine ami  water,  or  sugar  and  water,  the  animals  died  almost  as 
soon  as  if  tlu-y  had  been  wholly  deprived  of  food.  But  it  has 
also  been  observed  that  some  animals  will  all  but  starve  rather 
tlian  eat  certain  kinds  of  food,  though  chemically  suflicient. 
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^M      We  muKt  thiLt  recof^ii)^  Romething  more  in  nn  aniTiiHl  than        ^^^H 
H      merely  the  luecltantcal  and  chemical  prncesses  which  Ruflloo  to       ^^^| 
^1      aooomplisb  digestion  in  the  Inhoratory.    A  food  must  bo  nut       ^^H 
^m     only  miflicioiit  frura  tli»  clutmictil  luid  physk-nl  [loinl  uf  view,       ^^^M 
^H     but  bf  i-upubl<>  of  being  ac'tud  on  by  thi^  digi-^tJvu  juicvti,  and        ^^^H 
^M     of  such  a  nature  as  to  suit  the  particular  animal  tliat  oats  it            ^^^| 
^m          To  illustrate,  bones  may  be  masticat^-d  and  readily  digested       ^^^| 
^H      by  a  hyena,  but  not  by  an  ox  or  by  man,  thouRli  they  meet  the       ^^^H 
^H      conditions  of  a  food  in  containing  all  the  requisite  constituents,        ^^^H 
^M      Further,  the  food  that  one  man  digests  readily  ia  scarcely  digesti-        ^^^B 
^1      blu  at  all  by  another:  and  it  is  within  the  ex]K>rioncc  of  every        ^^H 
^H      ouu  that  a  fri-<{Uenl  change  of  diet  in  absolutely  ncdOKWUy.                ^^^H 
^B           Since  all  luammali^,  fur  a  considerable  {jcriod  of  their  exist-        ^^^H 
^M      ence,  foed  upon  milk  excluKivety,  thi^  must  represent  a  perfect        ^^H 
^L    or  typical  food.     It  will  be  wurtli  while  to  examine  the  compo*          ^^H 
^V  'rition  of  milk.    The  variouK  itubiit^nL'eK  c<im])uaing  it,  and  their              ^M 
^M      relative  proportions  for  different  animals,  may  be  seen  from  the             H 
^m      following  table,  which  is  based  on  a  total  of  l/XK)  parts;                        ^| 

^M            cxtjnmTURN-nt. 

floOIHIb 

Cow. 

Am.               ^^^M 

^m       Water      

88008 

88T-05 

888-88  . 

010-34             ^^1 

«I-64 
1'38 

1      4»98 

J        (M6 

4»0S 

40-a7 
8« 

fa-m 

■W-5T 
40-04 

«'2a 

I     90-18                   ^M 

13-B6             ^^H 

I      DT-OS             ^^H 

»^  WU-.7. 

UMi 

l*t06 

13a-4S 

^1          The  fact  that  human  milk  is  poorer  in  proteido  and  fat«       ^^H 
^H^espe<'ia11y  is  of  practical  importance,  for.  when  cow's  niillc  is  sub-        ^^H 
^^^Btituted  in  the  feeding  uf  infiintv,  it  should  ho  dtluttwl,  and  t^ugar        ^^^H 
^^^^nd  cream  added  if  the  normal  propurtiuns  uf  muther's  milk       ^^^| 
^B     are  tu  be  retained.                                                                                      ^M 
^H           1.  The  jm>^iV/»  of  milk  ore:                                                                        ^M 
^M          (a.)  Au  albumin  very  Ukosonim-albumin.                                             H 
^m          (b.)  Caaeiu,  normally  in  sospeiuion.  in  the  fonn  of  extremely             ^M 
^H     minute  partich'^.  which  contribute):  in  the  o|>acity  of  milk.                 ^^^H 
^1           It  can  be  removed  by  titration  through  pui-celaln;  and  pre*        ^^^^ 
^1     cipitatod  or  coaguUtted  by  acidn  and  by  rennet,  an  extract  of       ^^^^ 
^^     the  mucous  memlirane  of  the  calf's  titomacb.    After  this  coagu-        ^^^| 
latJou,  whey,  a  Huid  more  or  lesa  clear,  separates,  which  con-         ^^^| 
tains  the  salts  and  sugar  of  milk  and  meet  of  the  water.    Much         ^^^| 
^H     of  the  fat  ia  entaiiglecl  with  the  casein.                                                     ^^^ 
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CiLscin,  with  itome  fat,  makos  up  the  greater  pert  of  cUoiwm. 

3.  Ftiiii. — Milk  is  an  emulsion — i,  e,,  ountains  fat  suspondwd 
in  8  fine  state  of  iJivision.  The  globules,  which  vary  gruatly  in 
size,  upo  surnuiiide^J  by  an  envelope  of  ppoteid  nialter.  Tliis 
covering  is  broken  up  hy  churning,  allowing  the  fatty  glohules 
to  ran  togc'ther  ami  form  huttor. 

Butli^r  consists  chiefly  of  ulein,  palmitin,  and  Btcarin,  but 
conlnin»  in  snmller  quantity  a  variety  of  otlier  fats.  Tlie  rail- 
cidity  of  butter  is  due  to  the  presence  of  free  fatty  acidx,  ospi-- 
cially  butyric. 

The  fat  of  milk  usually  rises  to  the  surface  as  cream  when 
milk  is  alluwetl  tu  Htaud, 

3.  MUk-augar,  which  is  converted  into  lactic  acid,  proliably 
by  the  agency  of  some  form  of  micro-organism,  thus  furnish- 
ing acid  sufficient  to  cause  the  precipitation  or  coagulation  of 
the  cosoiu. 

auik-wsw-.        UcUc  uMd. 

G.U..O.  =  2C.H.O. 

Milk,  when  fresh,  should  be  neutral  or  faintly  alkaline. 

4.  Salts  (and  other  extractives),  consisting  of  phosphates  of 
calcium,  poti\ssium,  and  magnesium,  potassium  chloride,  with 
traces  of  iron  and  other  substitncos. 

It  can  be  rLtmiily  undi-rstoiMi  why  cbildrun  fed  on  milk  rarely 
suflfer  from  thai  deficiency  of  calcium  salts  in  the  bones  K-nding 
to  rickets,  so  common  in  ill-fed  children.  It  thus  appears  that 
milk  contains  all  the  constituents  requisite  fop  the  building  up 
of  the  healthy  mammalian  body;  and  experiments  prove  that 
these  exist  in  proper  proportions  luid  in  a  readily  digestible 
form.  The  author  hus  found  that  a  large  number  of  animals, 
into  the  usual  food  of  which,  in  the  adult  fonn,  milk  Aws  not 
enter,  like  most  of  our  wild  mammaU,  as  well  as  most  birds, 
will  not  only  take  milk  but  soon  learn  to  like  it,  and  thrive  well 
upon  it.  Since  the  embryo  chick  lives  upon  the  egg,  it  might 
have  been  snpjjosed  that  eggs  would  form  excellent  food  fur 
adult  animals,  and  common  experience  proves  this  to  hu  tlio 
case ;  while  chemical  analysis  shows  that  they,  like  milk,  con- 
tain all  the  ne<:t'S«vry  food  constituents.  Meat  {muscle,  with 
fat  chietty)  is  also,  of  course,  a  valuable  fond,  abounding  in 
proteids.  Cereais  contain  starch  in  large  proportion,  hut  also  a 
mixture  of  proteida.  0-reen  i^gelnMcs  contain  little  a<^tual  nu- 
tritive material,  but  are  useful  in  furnishing  salts  and  special 
tubstances,  as  certain  compounds  of  sulphur  which,  in  some  ill- 
understood  way,  act  beneflcially  on  the  metabolism  of  the  body. 
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Thpy  atsn  seem  to  Ktimiilnh'  the  flow  of  heitllhy  <]ig08tivo  fluids. 
V'liuUutf.ttlii  tiicX  chierty,  |iei-liitps,  in  the  Inttvr  wuy.  Toa,  coffee, 
etc.,  contain  alknloiiln,  which  it  in  likely  liiive  ft  cousL<rvative 
[^effect  on  tistsue  wMto,  but  we  rwiUy  know  vt-py  litUo  as  to  how 
It  w  Ihftt  they  prove  so  iKMiefu'iftl,  Though  t  huy  uro  rocojrnizetl 
to  havi'  a  iH"iwerful  offtxit  on  thy  iiopvoiw  systom  as  stimulantR, 
noverthele^  it  woiihl  l)i>  oi'i'ouuotut  to  ttupitOHe  tlmt  their  action 
vms  confineil  to  this  alouii. 

AnitHtti  Foods. 


wmtr. 


ItvMiM.   .VhHmtnoldK   !•'  •'  • 


DtrT. 
Ftrk. 

DntI. 

Set- 

Coti't  nOK. 
Butam  mUk. 


I                      ts 

r 

I 

1                         ^ 

''".'' 

1 

1                               "* 

' 

1  ■            i..i.7| 

1                              ^ 

, 

.      J 

IJ 


n* 


m 


w 


^  ::i  )'\t 


L 


■faiw. 


Vegetable  Foods. 

^  II 


tVoIfdff 


V  • il.i..  l.i.Fl.  . 


m«Moi-Iina*d. 

BMr. 


it.3 


la 


"•"'■"^r. 


J,. 

J- 


TS 


'Isl' 


BDJt 


SO 


90 


g     •    |o.5 


Fiq.  ««8  HjuuIoHiI. 


The  accompanying  diagr.imft  will  Borve  to  represent  to  the 
oyu  ihe  relative  proportions  of  thu  food-essenliala  in  various 
kinds  of  articles  of  ctiot. 
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It  is  plain  tlmt  ir,  in  Ihu  <Iigiit)tiro  Iruct^  fotKln  tii-o  cbwiged 
ill  mlultility  and  acluttl  cbumiottl  cuuutitution,  ttiiK  must  bav« 


Tut.  aj9.— Allenmitury  ruiul  nt  wnhni  •tlilli'  Uir  niillmi'iiliiry  miil-ipil  la  aUII  Id  conunuln 
wITh  yplKtuK.'  iKnilrlipr,  atlfr  BiKholTl.  ,\.  Vli-v  Iniin  lipl'in;  u,  plianmiBBl  ptain*  ;  b. 
Iibvyiiic :  r,  t,  dlvi^ilk-ula  foniilnv  toe  Iiiqieh;  'I,  tnnmmVb ;  /.  diTprut-iib  of  litnr ;  q. 
mrtiibmn--  turn  fioiu  julk-wu.- :  h.  liliiilKUi-  B,  LooxIMiUDal  hcHod,  u,  dlvorUouliuii  >it 
k  hum  •  b>  uliiMUwIi ;  c  Uvvr  ;  <1,  jvlk-aux 

beon  bruu)^ht  almut  by  chemical  agpnciei*.  Tiiat  foo']  is  brokon 
up  at  thu  vury  L-oiumenceiiQeiit  of  tlio  alioieiitary  tract  is  a 
matter  of  commuii  observation;  luid  that  tlioru  xltoulJ  bu  a 
gradual  movumuut  ot  the  food  fi-om  ottc  part  of  thu  uanal  to 


riu  mi. 

Ra.  HO.— DIaimin  of  ntJiupnrjtj  OHWl  «f  pIiIpIc  al  toiinh  da;  (FMWr  uiil  Baltour,  attor 
Ontlrl.    lo.  •IfTi-rlii'iiliiin  arcaaniv:  si,  iiummvb  -,  I.  liTFr;  p.  iwicnaa. 

Flo,  tU.  I%mIIi>iii  -if  lurlini*  jwr"  "f  ■llnuiaury  uuutl  U  dlRwoiit  alains  A  F.mhrrn  ,.t 
Kiv  wti-k*  l<  <ir 'lull' >"'•")'•  I'  0(  >>u  main  lAlkn Tliompaaai.  I.  iilinri'i'jt  kkIi  ilii> 
luain  :  •.  ■Iimiwi'Ii  ;  •.  •lonll  Intmtiir  ;  i-.  I*r(*  InUMlnFi  p.jCFnlMl  ilui'i :  u  MaildtT  ; 
d^Soitm:  f.tmtcimi:  ■«.  diicliu  titolIi>>liiLMUiuUla  i  M.  iinHrMiliitl  ■Idua :  I'.ynlk^ao, 
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another,  wlx^re  A  tliffemtit  fiuiti  i<i  DefrAttxl,  would  be  oxpected. 
Ai<  n  iiiat(«r  of  fact,  nii^cliaiiica)  and  t-homicnl  forces  play  a 
larj^o  imrt  iti  Ihe  ncttiul  propamtion  of  tlio  food  fur  ab^orpiiun. 
Bfliind  these  He,  of  counae,  the  vital  properties  of  tlie  glniidit, 
wliirh  prepare  Uie  atrtivo  fluidK  from  Iho  hloijd.tio  that  a  study 
of  digestion  naturally  divides  itsulf  iuto  the  conDiduratiou  of — 


FN.  flW.— ^KBOtlUa  pt/emogonUn.  k  nurfn*  anlnukl  latlir  <JuatrPfkn>i).    i¥.  ii»a[llusii« ! 
Ok.  aiil«iii>«> ;  >.  idiiniu-h.  with  praloDKalbHit  liKii  uileaoa)  and  llmtii  <ly 

I.  The  di^fOBtive  juices :  'i.  Thesecri>lory  proce«80»;  and,  3.  The 
muflcular  and  iicrvouft  uioohatiisrii  by  wbioh  the  fuod  is  carried 
from  one  part  of  the  <liguslivu  tract  to  another,  and  the  waste 
matter  finally  exix-llud. 


?-j5i- 


y  0 


r 


no.  m.-LonsKulliMlMitlMlwollaoof  biHly  or  Inch,  l/irudo  inntMnnUtUfM*  Lmichkn). 
4,  »omb ;  b.  fr.  b.  voouUllosa  of  alltouulAry  oikiial ;  e.  aniu ;  d,  Xtn^^ai  nukiTr  \  *•,  wrw- 
bral  naMtlia  :  /.  f.  (iiklit  of  pcMMjwj)ib(iKi'u1  cilukI'*  ',  9-  Ki  II-  •■wnaiMl  ontaiw 

EmbryologioaL— The  alimentary  tract,  as  we  have  seen,  \& 
rortned  by  nii  infolding  of  the  splauchnopleure,  and,  aecording 
H  the  gruwtli  is  more  or  lestt  marked,  dotM  the  canal  IwcDnui 
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tortuoas  or  rcrniAJii  mimi^whnt  str&lglit.  The  alimentary  tract 
uf  a  niitiiimal  [ia»«."-s  through  riUigL-8  uf  iluvflopnii-nt  which  cr- 
ri'ti«I)Oii<l  with  the  purmuni'nt  furm  of  utber  Kroiiiw  of  vert*'- 
hnitvit,  Hccortliiig  lo  a  gouoml  law  of  evolution.  Inasmuch  hs 
Iho  t'lnbryouic  gut  is  formed  of  mesoblatit  and  hypoblast,  it  is 
easy  to  uudvrsliiiul  wliy  the  (ieveloped  trjwl  whoulil  so  jrivariji. 
hly  L'utuiiDl  of  gluudulur  structure-')  iinil  niutinilar  ti^iit-  ilia- 
posoil  in  a  certain  regular  arrangonient.     Tlio  fact  that  all  the 


A»nB  rmm  c^nlmL  ■vtonin.-'li  n,i\'\  ti^TMit%^niii\K  ^r m'ulfir  iiinri;ln>tl  rmnltartrr  ItomADrtf^g 

All  Ui?fr  QTV  vho-Ji^tl  v'T^  I  lark  .  tht-  Ojftn  Aiinit.^  Ln'Ik'alr  iirifnrltl«r«7llrinv     luumiieli  MM 

hlirii''^  fiTrnKSn  ^1*  luivf  tri-^la  nfmr»>]rti'^-nllv  4»fi  ptvr*fwiticAlJy  n  ktx  iTiiili"-iT  iiai'tLff-^ri'D' 
tlatnl  vondllioii  in  iiicli  noiinalt,  nnil  nni-  of  tnn  IntenM  froin  im  rroluUmiiry  filiit  uf 

orfpinB  that  pour  digestive  juicns  into  thu  alimentary  tract  are 
outgrowths  from  it  serves  to  explain  why  there  should  reniaiu 
a  physiological  connection  with  an  anatomical  isolatiou.  The 
general  respmblance  of  the  epithulium  throughout,  even 
parta  widely  separated,  also  heroines  clear,  as  well  aa  manj 
other  points  we  can  not  now  refer  to  in  detail,  to  one  who 
realizes  the  significance  of  the  laws  of  descent  (evolution). 

ComporatiTe. — AnKsba  ingests  and  digest)*  appaivntly  by 
every  part  of  its  horly;  though  exact  studies  have  shown  that 
it  neither  nceeptii  nor  retains  witlntut  eonsiderablo  power  of 
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fill? 


(li.'*'-riniiiiiiti'>n:  nml  it  is  alsn  ()(i»sil)le  thai  Home  snrt  of  digest-- 
ivv  lluid  may  bo  .lecret^nl  frnm  tltd  [lart  of  tlio  body  with  whicli 
tho  fwMl-piu'ttclw  come  iii  coiitaoU  It  tuu  been  shown,  tou, 
tbkt  tLvrv  an>  ilifTeruDovs  in  the  digiwtivo  cupacity  uf  clmiuly 
ftllied  foriiuiumuu^  InfUDorifiiii^. 

The  ciliatvU  bifiuH)nHnH  hiivt-  a  |)enntiiieiit  mouth,  which 
may  also  t»rve  as  an  aiiUf; ;  ur,  thure  may  bt<  an  oaui^,  tbuu^h 
OHually  lees  distinct  from  the  roet  of  the  body  than  the  mouth. 

AmunB  the  C<pleiitGrati-s  itilra-reHuldr  dificntinn  is  fi:nin<i. 
Certain  cells  uf  the  endoderm  (as  in  Hydra)  take  up  food-iiarti- 


.. J)  MiUm.  up  'n  Ihr  ■loiiirK'h,  rniin  *hl''h  mllnlv  tlip  riuKnivuriilflT  canata     A 

Bucllau  of  tike  bell  hat  brtn  ma^'feti.  ithowluG   Mic  jcvnpraffvf*  ftrriLUfvd  aroiiuil  the 
iU(M*Itb  orfMn.    Miat  <if  the  iPiiUi-li«  atr  lurni'il  iiii. 


dun  Amo>ba-Iike,  digest  them,  and  thus  pro^nde  material  for 
othrr  cells  as  well  us  themselves,  in  n  form  siiitahle  for  assimi- 
lation.   This  is  a  be^nning  of  that  ditTenrntiatiou  of  function 
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which  is  caiTim)  m  far  amonj^  the  higher  v^rtehrab-H.  But,  a«i 
recent  mv(wti;<atkiiiR  havp  ahowii,  such  intra-cellular  diKei>ti<iii 
exists  tu  some  extent  in  the  alimentary  canal  nf  the  higheRt 
members  of  the  vert^tbrate  gi-oiip  (see  i>age  345). 

The  means  fur  grnspiu^  and  triturating  fwHl  nmong  in- 
vertebrates ure  vi>r>-  L-tiin|tlicat43d  and  varied,  as  arc  alsit  thoe« 
adapted  for  suckiut;  the  juices  of  prey.  Examples  U>  hiuid  uro 
to  bo  found  in  the  crab,  craytieh.  spider,  grasshopper,  boutlo. 


Fm.  m     I>U|:niiii  niiHlrBUiiK  ftmncmimt  of  liitc*Uiu>,  npnniB  ijnioni.  t*c..  Id  aMnmiio 
•ualL  Mttit  i«nrr  tliiili!)'\    ■>.  luouth  :  I.  [ooUi :  ul.  iidiiMlopliura  :  o,  ruUm  :  «,  crop : 

tHouuicti :  r.  nenun :  ■■.  aaua :  r.  l  rrnitl  me :  h,  hosn :  I.  lata  (mtnllflod  paJIUu  «hun- 
rl :  ».  IM  MMvU  BMVtuiw :  nn.  IJiIck  xlov-  nf  iiiuiUv  uniM  witli  tUm  of  body  ■.  /, 
too*  I  efO-  oMvbral.  praai,  and  iauii>Iu«ptaiiul>alt!  gaDXll>  VRnVlMl  muod  BUlM. 


oU*.,  on  the  one  hand,  nod  the  butterfly,  bOuse-fly,  loucb,  etc, 
on  the  other. 

The  dinnBtivo  vystem  of  the  parth-worm  has  been  studied 
with  Boine  c«r«.  It  illuKtrale^  a  sort  of  extra-eorporeal  digee- 
tion,  in  that  it  stwrotes  a  fluid  from  the  mouth  which  seems  to 
aol  bolh  cbemically  and  mechanically  on  the  starch-grains 
of  the  l<>nviis  oti  which  it  feeds.  It  i»  jinwided  with  an  organ 
in  which,  lis  with  birds,  small  stnncg  are  found,  »o  that  the 
lMi|Mirf«ctioiis  uf  its  mouth  are  compensated  for  by  this  giitzard 
whii'h  IriturwleB  the  food.  Its  oaleiferuus  glands  supply  the 
Hlltnlliii'  tlnidH  necessary  to  neutnUiKe  the  humu»  acids  of  de- 
(.-ayiiitf  leavet,  for  intestinal  digestion  only  proceeds  in  an  alka- 
line itiiolinm. 

Thti  tcaAtric  mill  of  n  crab  (Fig.  ai8)  is  a  provision  of  ob- 
Vkma  viiltie  ill  wj  voracious  u  cr«>ature. 


DIUKSTION  OV  FOOD. 


I 


^m  Boroi-v  passing  on  to  liiK^ii-'r  iiirrr>U|)».  it  will  Ik>  well  ta  U^ir 

^1      in  mind  Hint  tint  iliguKtiw  urj^nntt  uru  to  bu  rogariled  a&  tlie  otit- 
H     come  both  of  be- 
^     retlily  omJ  lubip- 
I  lation  ttirircum- 

Htances.  We  find 

I  parts  of  th«  ic- 
testinv,  i\  g„  ro- 
tainnl  in  8t>m« 
AoimiiUiii  whueo 
eounomy  they 
seem  to  serve 
little  if  any  good 
purpotw,  US  Ibn 
1^  Teniiirarm  ai>- 
H  pundix  of  man, 
^M  Ailitptiition  hiM 
H  biKti)  j  1 1  iiti  tratud 
^M  ID  tbi'  lifutime 
^m  lit  a  xini;lc  indi- 
^M  vidaal  in  a  n.-- 
H  markable  man- 
^M  ner;  thus,  a  nea- 
^K  guU.  by  boing  feal 
^B  on  grain,  baa  bad 
^M  its  Htomarh,  nat- 
^M  orally  thin  and 
^  aoft-wallod,  con- 
verted into  a 
luiutcubu'  giK- 
Kiirii. 

Since  diges- 
tion 18  a  prouiMS 
in  which  the 
nm;bani(ral  and 
chemical  aro 
bolb  invfilvi-d, 
and  till)  foot)  of 
anitaalK     difTi-n 

flo  widely,  gruit  variety  in  the  alimuntary  triuM.,  l«tth  ana- 
tomical and  physiological,  mui^t  bo  uxpt-'ctoil.  Vfijotablu  fciml 
must  usually  be  t^aivn  in  niiirh  liirRi-r  bulk  in  fnmii'h  tbi' 
needed  elements;  hence  the  great  Ii-ngth  i>f  iutexlinv  habitually 
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found  in  herbivorous  aniniiils,  afisoc'iatctl  ofton  with  a  capucious 
aud  cluuDbereil  etomucli,  fumishiDg  a  lar^r  Ubomtory  in 


Fn.  ISn.~T)iit  rliiwrB  Of  a  nibbll  m  mn  u|>uu  tlmplr  opfnlne  ibt  cavltka  of  Uie  thonui  ami 
ahtlniiii^ii  wlIliikiiL  n»y  f iiri)u>r  illiatactlnfl,  y|,  rarity  nj  H»^t}uiTnx^  i\}p\ir%\  cariyy  ttis  fliiiBT 
■liLi* ;  /v.  LllHi^'LfuL'tE]  i  '"  <f-(iii-irrit«  flf  %hif  bf^rl ;  J>»  Aiirli-lra;  K,  piiliiiofmry  nrt'-ry  ;  K 
■una  ;  ",  luiri;-  c-illni<i*Nl,  nnil  •milprInK  oDlj- back  [<ntl  i<r  fhi-«l  ;  If,  In'Tnil  inirtluunnr 
lil'Hira]  iiii^fnfiraiih^  ;  ^<:ar1ilairr  At  ute  ethl  ot  Mmuin  tPiMIi^na  CAtlilaifri  ;  K.  iK^rrloD 
of  Uw  *ull  lit  iJcKly  li'fi  Iwtwveu  Uiurkx  awl  abiloiiii'ii .  o.  i-iit  riiiU  iif  iln-  riin  -.  U  Um 
llvrr,  tn  ili1fe<^iH<  Ijiiiif  ni<irv  Cu  (bw  \otl  than  IuIIh^  ritc'il  I'F  tlai<  t-rnlv  ;  J/,  ili*- nioniai^hn  a 
\aTtv  |wrt  nf  thi-  itrntbT  nirmliin-  b(4nc  alioini :  .V.  iliimlMiiiiiii ;  o.  MiiatI  lnt*«IU'- :  /', 
tliB  CBCUtii,  «>  Inrxvlf  'k-volopwt  In  tbil  •nd  OUel'  hFrblvDniiu  aiduiala;  gi,  Uic  larpi 
IDMUIDV,     (HuilL-y.r 

which  Naiuro  may  curry  <m  her  procossos.  To  jllii»tratL>,  the 
stomach  of  tho  rumiiiiints  cunxi^ts  of  four  parts  {rumen,  reticu- 
lum,omnsum  { psalferimn),abomastnn).  The  food  when cropppil 
is  immpdiatuly  sw»llowud;  so  that  tht*  paunch  {ruvien)  is  a 
mpre  stnrehouet*  in  which  it  is  softened,  though  but  little 
changed  otherwise;  and  it  wouhl  seem  that  real  Kostric  di> 
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gMtlon  is  nlm<)«1  (Mrifiiu'd  to  tliP  Iftst  liivision,  which  may  be 
Oampnri'il  to  the  siiii|ili>  Mtuinach  of  the  (.'amirora  or  of  man; 
»n(],lMiruni  tli«  fotMl  ri^Acht<^  this  r&K>ou,it  hoR  beim  thoroughly 
masticated  luul  mixed  with  tuUiva. 


Mm*  Mpla«lll<4  llivr:  n.  cn-lim.-  ml*  :  T.  conimtj  wtro'  »'  •tionui.-h  :  H,  (iiknic  urimj: 
t,  ifUnB  :  ID,  laMnaa:  II.  miMrtcir  inrw^Knrli^  vnHi'ln  :  IV.  duudtmim  :  la.  Upper  O- 
tniill*  et  muU  IdtmIIuv:  U.  lower  vml  -if  llmtu:  1A,  I^  maaraMIT:  IH.  apcun:  IT, 
MTtTT'"  Tannltormbi :  IH.  omnillnK  imIimi  :  lu.  19,  lraiu»wni>  colon;  KL  ilMcmdliut 
-  '^^^-     ■        ---  -      ■         ^        -      I ;  d,  uri>i>(7  UiulilKr. 


LWiM ;  If.  lignuM  npiiiin>  of  mliin ;  S,  rvdmu  i 


The  reticaliim  U  especially  adaptpri  for  holding  water,  which 
may  nvrve  a  good  purpose  in  ntoUtviiititi;  nml  thiniitiiK  tho  con- 
tents of  the  stnmnch.  In  tho  ramvls  luid  11amn«  n  portion  of 
the  stomach  is  mtuli-  up  of  |>ouch(;».  wliith  can  Im  closrd  with 
sphincter  muscUw,  and  thu»  shut  off  thi^  water-supply  in  svp- 
arate  tanks,  as  it  were. 

The  stomach  of  the  horse  is  Hniall,  though  the  intestine, 
cially  the  large  gut,  is  capaciouB. 

ThP  Rt«ma«h  is  diviBible  intfl  a  cardiac  region,  of  a  light 

9r  tiitenially,  and  lined  with  epithelium,  like  that  of  the 
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Fill  WDl— A.  SlorosDh  at  ihceii.     K.  Momai'li  of  muEikiltrr.    ir.  cnnjihii^ii :  ffn.  nmim: 
Ael.  mk-uhini :  /V  pMllorlum  :  .1. -<ft.«(ionm»iiii. ;  Wii.  duodcuiuii ;  f^.i-jlorumlluilpji. 


Pin,  <lf>t,-fllAin>i'1i  nt  honr  ItJtrt  Cluuvntu>.     .1,  conlUc  FXinnilt)'  nt  iNDpbacin;   B, 
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iBSO)>1iaKiis,  and  a  r(Hl<lcr  pyloric  arta,  in  which  the  ((rvat«r 
part  itf  (he  digestive  [inx-vtsH  gov«  uit. 


F»,Wt,-ttommckntilet\an»rCbaunmui.    il  nwn|ilii|iil    ft  |ijlniin 

Th«  moalli  {xurtti,  even  in  »omo  of  tho  higher  vertebrates,  aa 
Hhe  Camivora,  xorve  a  prehoiisild  riither  than  a  digestive  pur- 
p(Kte.  This  is  wi-ll  se^n  in  the  dog,  that  \n>\ts  hinfoocl;  but 
ill  tbtti  and  allied  ^oups  of  niumnialB  gastric  digestion  is  very 
active. 


Vln  m -OfOFral  ■nil  1al«4itl  TlFir  of  iloK's  livth  la/trr  ChwimH), 
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T1)0  tooth  n»  triturating  orgtuix  find  their  highfet  devolup-' 
meiit  in  ruiiiiimiit»,  tho  cotiiliiiii-il  Mi(lv<Lo<siile  and  forward-iuid- 
huckward  mution  of  Lhv  jnw^  miduriiijf  thi'Ui  vury  etfoctivu. 


rin.  a«. 


Fin.  tM. 

M.— PfiitKlon  i*t  Inrprinr  Jfew  of  Iiupthp  la.ftfT  Ctiitijiwxii^. 
"III.  n  '  Infi-rl-ir  nnULlIU  ol  iiiiin  isflirr  HapiHTi     .Vlinilu-  hordor;  I.  Iiiettor  (ectll :  cmnlmi 
toi4b  ;  fr>  blL^uiplil  trcUi ;  m,  n^olan. 

In  Varnit'ora  tho  tt-oth  «orvp  for  (p-aspio^  and  t«annK>  while 
111  tho  tnwclivora  tho  tongue,  as  aisto  in  certain  birds  (wnod- 
(Hvkom),  ia  (HI  iniporlimt  organ  for  swiirinp  food. 

It  In  to  Ik!  noted,  too.  that,  whilo  tho  horse  crops  grass  hy 
Itlling  it  ofT,  the  ox  uses  the  tongue,  as  well  as  the  teeth  nnd 
Dim,  ti}  «»oiiro  the  mouthfni. 


D1UU8T1UN   UK  FUUI). 
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pluuTiu :  1.  (I'M  iHirtiiin  nf  .■•wiilinci'i :   I.  ■r-ip.   ,\  ■nMii>1  luiftl™  of  -moiihotfu*;  ■, 
■DCnalric  nnUfplF  iiir<npiilMi.'ul>iii :  .,  uluu-il  ^  fi.  orlicin  nt  <luoi1>'ii<iiii .  ■),  flm  bmni4i 

to 
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S4nndi>nii)  nrsiiir ;  in.  Mconil  tnnrh  o(  mrnn- ;  1 1,  oHdn  nf  Bnarlne  iinrUon  of  itmall 
tMUnvi  ll.NnkU  IoImUih-;  liT.  tirtntiuU  portion  oC  ttala  Inlnrtliw.  lUninl  uurocli  cl<I» 
Sthp  ivo  (wcm  ircKBTileil  ■■  Ilu- iuuilri|[up  nr  rahm  at  iiiKiDai»l>) ;  IS,  IS,  Ir«>  riimnlii'ii 
<^IN!uuu:  1-1.  Inarrtloli  of  fhrst  two  mU'iitfdif  tolo  InlrAilau  luuti;  1^  rn-lupi :  t<^ 

cloui'ii ;  IT.  uiiiiii :  IH.  mi'iriiU'rt' :  li.  U-h  lobs  at  llvcir;  SO.  Hifht  luhr. :  *|.  roll  ''If)')*?: 

rlnr.  (l"-i'^'^l''tlli'-^r  lti<|J4klu'  ■■  ^uil^'icukildik-.  luail  Ui-r^tir  <fii4-r  jn  |K>vr,-rior :  -V  [>aDanaA; 
M.  ilUi|iliniKniaito  uq'Kt  oC luoc ;  ID,  ovor/iln  kutale of  a[n.|>ii_i .  ,  .'li,  uvliluct. 

Man':*  teeth  arnsomewliat  interiiitMiiiili-  in  im-m  hflwwii  the 
carnivorous  ami  tlio  herbivorous  typo.  Bini«  Im-k  ttt-th.  hut 
tho  utrung  muiicnlat'  gizzard  HitlRces  to  ^p-ind  thu  footl  against 
tUe  small  puhbk^  that  arc  habitiiully  t;wal1owL>d. 

The  crop,  well  developoil  in  granivurous  birds,  is  a  dilat^i- 
tion  of  the  cesophagus,  serving  t«  storB  and  soften  the  food. 

In  tho  pigeon  a  glandular  epithelium  in  thocrop  secn-lvKa 
milky>loi>king  substance,  that  is  regurgitated  into  the  mouth 
of  thu  young  one,  lA^htch  is  inserted  within  that  of  the  ]Ukrftiit 
bird. 

Tho  proventriculuit — an  enlargcmont  just  above  tho  gizzard 
— is  relatively  to  tliw  latter  very  thiu-wullud,  but  providf*  llio 
true  gastric  juicea. 

Certain  plants  digest  proteid  matter,  like  animals;  thus  the 
8Ua-(lew  (pmsera),  by  the  closure  of  its  leaves,  captures  insectn, 
which  art^  digested  and  the  product*  absorbed.  The  digestive 
fluid  coniiists  of  a  pepsiu-ooutaining  secretion,  together  vith 
formic  acid. 

The  DtGEsTivE  Juices. 

Saliva. — The  saliva  as  found  in  the  mouth  is  a  mixture  of 
ihu  SL'crotioD  of  three  pairs  of  glands,  alkaline  in  reaction,  of  u 
spwilic  gravity  of  UXi'2  to  UXJft,  with  a  small  percentage  of 
solids  ('a  per  cent),  consisting  of  salts  aiui  oi-ganic  bodies 
(mucin,  protiiids). 

Saliva  servce  mochanical  functions  in  articulation,  in  moist- 
ening the  food,  and  dissolving  out  iiomi<  of  ittt  hhIui.  But  itn 
principal  use  in  digestion  is  in  reducing  starchy  mattvre  to  a 
.soluble  form,  as  sugar.  So  far  as  knoven.  the  other  constituents 
of  thi-  food  are  not  changed  chemically  in  the  mouth. 

The  Amylolytio  Action  of  Saliva.— Starch  exists  in  grains,  sur- 
loundrd  hy  II  ciliul'itit  covering,  which  saliva  does  not  digest; 
licncc  itii  nctiim  on  raw  starch  is  slow. 

It  is  found  that  if  a  specimen  of  boiled  staixrh  not  tt*o  thick 
be  exiHJKL-d  to  a  8nutl]  (jtiautity  of  saliva  at  tho  temperature  of 
the  body  or  thereabout  (37°  to  40°  C),  it  will  spoodily  undergo 
certain  change!* ; 

J.  Aftor  a  very  ahorl  lim«  sugar  may  be  dclcctwd  by  Fob,- 
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flng'Bttohition  (c<iji|>iT  sulphiilo  ill  lui  n\i-Oj<i<(>f  fiodiiim  liydntte, 
Uie  8ugur  reducing  the  ctipric  hydrate  to  cuprous  oxide  on 
iMtiliog). 

2,  At  tills  eftrly  singv  stiircli  iiiuy  still  hv  dotoctod  by  the 
blue  i-olor  it  (jiviw  with  jf^iliiio;  but  lulor,  iru-toad  of  a  blue,  a 
purple  or  red  may  apptnr,  iodic-ntins  tlie  presence  of  dextrin, 
which  may  bo  regarded  iis  a  product  intermediate  between 
starch  and  sugar. 

3.  The  longer  the  proraix  continues,  Iho  morn  sugar  hikI  the 
leas  starch  or  dextrin  to  be  detected;  but,  inasmuch  n.'*  the 
quantity  of  sugar  at  the  end  of  the  process  doe»  nut  i>\iiclly 
porrespond  with  the  ongin»l  f|uantity  of  stari-h,  evon  wln-n  no 
Ettan'h  or  dextrin  is  to  be  foun<l,  it  is  Iwlieveil  that  other  l>utIi(M 
are  formed.  One  of  these  is  achroodextrin,  which  dws  not  give 
n  color  rt'iiction  with  iodine. 

Tho  ^ugnnt  f<»niifd  nro:  («)  Doxtrose,  {b)  Maltose,  which 
has  less  reducing  [Ktwor  over  sohitions  uf  copper  salts,  a  more 
pronounced  rotatory  action  on  light,  utc. 

It  is  found  that  tho  digustivu  action  of  saliva,  as  in  tho 
above-dnscrjbed  experiment,  will  be  retarded  or  arit-iitted  if  tho 
sugar  is  nllowed  to  accumulate  in  large  quantity.  Tliat  iligc-A- 
tiou  in  the  mouth  is  substantially  the  same  as  that  jui^t  du- 
scribud  can  lie  easily  shown  by  holding  a  solution  of  starch  in 
the  mouth  for  a  fi'w  sctt^onds,  and  then  testing  it  for  sugar, 
when  it  will  be  iuvuriubly  found. 

While  suliviiry  digi'stion  is  not  impossible  in  a  neutral 
medium,  it  is  arr-^sted  in  an  acid  one  even  of  uo  Rreat  strength 
(lesH  than  one  per  cent),  and  goes  on  best  in  a  feebly  alkalino 
mtMlium,  which  is  the  condition  normally  in  the  moutli.  Though 
a  lonj|n-mturH  about  equal  to  that  of  the  bmly  is  best  adaiitud 
forituJivHry  digestion.it  will  prococd.we  havi*  nurselve*  found, 
at  u  higher  tf-nipernture  than  digestion  by  any  other  of  the 
juipos,  no  far  i\s  man  is  concenutil— «  fact  to  bo  counwjted,  in  alt 
probability,  with  his  habit  for  ogus  of  taking  very  warm 
fluids  into  the  month. 

The  active  principle  of  saliva  is  ptyalin,  a  nitrogenous  body 
which  is  assumed  to  exist,  for  it  haw  never  been  perfectly  iso- 
lated. It  belunKS  to  the  class  of  unorganizi^d  ferments,  the 
properties  of  which  have  been  already  referred  to  before  (page 
IWI). 

Characteristics  of  the  Secretion  of  tho  Slffereot  Olanda. — Parotiil 
saliva  is  in  man  not  a  viscid  Huid,  but  dear  and  limpid,  con- 
taining vury  littlt^mucin.   Snbuuucillary  saliva  in  most  animals 
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and  in  man  is  viscid,  whilo  the  eocretion  of  tho  itubUn^uAl 
^laii'l  is  still  more  viscid. 

Comparativ*. — Saliva  diffprs  pi'Patly  in  activity  in  diffei-ent 
Biiiiiiitl.s;  thum  ttiiliva  in  tho  dog  is  alniniti  inert,  tliat  of  the 
purotul  glntid  quite  no ;  in  the  cat  it  itt  lint  little  more  etTcctive ; 
and  in  tho  borsu.  ox,  mid  8heep,  it  is  known  to  be  of  very  feeble 
digestive  jiuwit. 

In  man^  the  Guinwi-pig.  tlio  rat,  the  hog,  both  par<>li<l  nnd 
submaxillary  saliva  are  at-tive;  n-hite  in  the  rabbit  tho  sitb- 
nmxillary  saliva,  the  reverse  of  the  preceding,  is  almost  in- 
active, and  the  parotid  secretion  very  powerful. 

All  Mjueous  nr  glycerine  e.\tra(rt  of  the  salivai'j'  glands  has 
digestive  pmiM-rtift*.  The  Recretion  of  the  dilTereiit  gliuidi* 
may  b>-  inlli-itod  by  lutSHiiig  tutu-iK  or  cannulas  into  their  ilnctR. 

Fatholog^ioaL— Potasuiniii  sulphooyftnalu  (which  gives  a  rinl 
L-olor  with  »iilt»  of  iron)  i»  i^imietimi'S  present  noniially,  but  is 
said  to  be  in  excetts  in  icrlalii  diKt^tafits, as  rlieumalirtni. 

The  suliva,  iioi-uially  neutial  or  only  faintly  acid,  muy  be- 
come very  much  m  In  tho  uitervaU  of  digiMtiun  Tho  rapid 
decay  of  the  tooth  occurring  iluring  aud  iiftcr  pregnancy 
seems  in  certain  cases  to  be  refuralde  in  part  to  an  abnormal 
conilition  of  the  saliva,  and  in  part  to  the  drain  on  the  lime 
malts  in  the  construction  of  the  bones  of  the  fcetus. 

The  tminr  which  ctdlecta  on  the  teeth  consists  largely  of 
earthy  phfisi)  hates, 

GMtrle  JniM.— Gastric  juice  may  be  obtained  from  a  fistu- 
lous opening  into  tho  stomach.  Such  may  be  made  artificially 
by  an  incision  over  the  organ  in  the  middle  line,  calching  it  up 
and  stitching  it  to  the  edges  of  the  wound,  incising  and  insert- 
ing a  !4[)ecial  form  of  cannula,  which  may  be  closed  or  opene<l 
at  will. 

Digestion  in  a  few  caaes  of  accidentftl  gastric  flstulao  has 
boon  wnde  the  subject  of  careful  study.  The  most  instrtiotive 
ca«e  in  that  of  Alexis  St.  Marlin.  n  Fnnioh  Canailian,  into 
whose  stuinach  a  con.iiderahle  dponing  was  nitule  by  a  gunshot- 
wound. 

Oastric  juice  in  his  case  nml  in  tho  lower  animals  with  arti- 
ficial o]H>nings  in  the  stomach,  has  been  ubtaiiie<l  by  inflating 
tJie  mucous  lining  lutvhanically  with  i»  foreign  body,  as  a  feather. 

The  great  difficuhy  in  all  such  cases  arises  from  the  imi>o»- 
sibility  of  being  certain  that  such  fluid  is  normal :  for  the  coii> 
ditions  which  call  forth  secretion  are  c<Ttainly  such  lut  tho 
stomach  never  experieiu-ett  iu  the  ordinary  coui-so  of  ovontii. 
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id  w»  liavp  »een  bow  saliva  varies,  aooOTding  as  tbo  animal  \g 
fasting  or  ftwdiriR,  etc. 

Bearing  in  mind,  then,  that  our  knowledge  ia  possibly  only 
approximately  correct,  we  may  slate  what  is  known  of  the  se- 
cretions of  the  stomach. 

The  gastric  secretion  i."*  clear,  c<ili>rless,  of  low  specific  grav- 
ity (1001  to  1010),  tilt'  .lolids  Iwiiig  in  groiit  part  made  up  uf  jjep* 


PM.  Sl;.-GaMr1i.-IMutaln(BHorS[,  MitrTin  (BThrr  Bcaiimonu  A.  A.  A.  B.  Wiriii-nK^  mro- 
IBK  tiilo  alianiACh :  C  b4t  nlii|ile  :  />.  (-Iii«  :  K.  vltatrler*  trom  ouund  mmtr  Tor  ninin>al 
vf  k  pIncE  at  uarUlic*  :  F.  >.  F.  dual  nun  ut  urlt(<aal  wuuuil. 

Bin  with  a  smnll  quantity  of  mucus,  which  may  bocoinu  exceos- 
ive  in  dlsorJcrtxI  conditions.  Tbort'  has  boun  a  good  deal  of 
dispute  as  to  thtf  acid  found  in  the  vtumacb  during  digestion. 
It  is  now  gent-rally  iigrocd  that  during  the  greater  part  of  the 
digestive  process  ihvvo  is  free  hydrochloric  acid  to  the  extent 
of  about  *2  per  cent.  It  is  maintained  that  lactic  acid  exists 
normally  in  the  early  stages  of  digestion,  und  it  is  conceded 
that  lactic,  butyric,  acetic,  and  other  acids  may  be  present  in 
certain  forms  of  disordered  digestion. 

It  18  also  generally  ackimwledgcd  tltnt  in  mammals  the 
work  of  the  stomach  i.-<  limit«d,  ko  far  as  actual  cb^'niical 
changw  go,  tu  the  convention  of  thv  protnid  constituents  of 
food  into  poptona  Fats  mny  be  released  from  their  pruteiil 
coverings  (cells),  but  neither  they  nor  starches  are  in  the  least 
altered  chemically.  Some  have  thought  that  in  the  dog  there 
Utt  Hligbt  digestion  of  fats  in  the  storaacb.     The  solvent, 
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powBF  lit  thu  giu«lri<:  jiiirR  is  greater  tliuii  can  Im  occoantol 
for  by  the  pntiuiico  of  the  acid  it  coutnius  mi.<roly,  uiul  U  1ms 
a  raarkei]  iititi»i-ptio  action. 

DigestivL-  prucoitsoa  nuiy  bu  comlucttM)  out  of  the  body  itt  ft 
very  siinpli^  niunaur,  which  thu  Btudetit  may  carry  out  for 
him^-lf.  To  illustrate  by  the  case  of  gastric  digestion:  Tho 
muouUi<  uiOHibnuie  ia  to  bp  removed  frtnu  a  pig'n  Htonuich 
after  its  surface  hns  been  vraslied  clean,  but  not  too  tburoughly, 
chopped  up  0ne,  mid  divided  into  two  pnrls.  On  one  half  pour 
water  that  shall  coutiiiii  "2  per  cent  byJrocbloric  acid  (made 
by  ailding  i  tu  «  cc  commercial  acid  to  1,000  cc.  water).  Thin 
will  extract  the  ]H.'p<>!ii,  and  may  be  used  as  the  menstruum  in 
which  the  subntance  to  be  digested  is  placed.  The  best  i±>  insU 
fibrin  whippe<l  from  blootl  recently  shed. 

Sinoe  the  fluid  thus  prepared  will  contain  tra<"es  of  jveptono 
from  the  digiestion  of  the  mucous  membrane,  it  is  in  eomu 
reispi-rt:-  'M-ili^r  to  use  a  glycerine  extract  of  tlie  Bame.  Tliis  is 
miiiii.'  I.}  .uldiiigsiniie  of  the  best  glycerine  lo  the  cbopped-up 
mucous  mmnbnine  of  the  .■stomach  of  a  pig.  etc.,  well  dried  with 
bibulous  paper,  letting  the  whole  ^tand  for  eight  to  ten  days, 
filtering  through  cotton,  and  then  through  coarse  filler-paper. 
It  will  be  nearly  colorless,  clear,  and  powerful,  a  few  drops  suf- 
ficing for  the  work  of  digesting  a  little  £brin  when  atlded  to 
some  two  per  cent  hydrochloric  acid. 

Digestion  Roes  on  best  at  about  40°  C.,  but  will  proceed  in 
the  cold  if  the  tube  in  which  the  matenals  have  l>eon  plnoed  is 
frequently  sliaken.  It  is  best  to  place  the  test-tube  coiitBiuing 
them  in  «  beaker  of  water  kept  at  about  blood-hest.  Soon  the 
fibrin  beginiri  lo  swell  and  also  to  melt  away. 

After  fifteen  to  twenty  niinules.  if  a  little  of  the  fluid  in  the 
tube  be  removed  aii<l  filtered. ami  to  the  riltrute  added  carefully 
to  neutralization  dilute  alkali,  a  precipilute,  insoluble  in  wnU-r 
but  soluble  in  excess  of  alkali  (or  acid),  is  thrown  down.  This 
is  in  most  respects  like  acid-albumen,  but  has  been  calle<l  para- 
I)eptone.  The  longer  digestion  proceeds,  the  lets  i.-*  there  of 
this  and  the  more  of  another  substance,  peptone,  so  that  the 
foiiner  is  to  be  regardeii  as  an  inlermeiliate  product.  Peptone 
is  distinguished  from  albuminous  bo<iie8  or  proteids  by — 1. 
Not  being  cohgulable  from  ils  aqueous  solutions  on  boiling. 
2.  Diifusing  more  readily  through  animal  niembnines.  3.  Not 
being  precipititled  by  a  number  of  reagents  thut  usually  act 
on  proteids. 

In  artiBcial  digestion  it  is  noticeable  tbut  much  more  fibrin 
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w  olliwr  pniU'iil  imitUT  will  1ki  dissiilv."!  if  it  bo  fiiiuly  divided 
nnil  fniiiiL'iilly  stinkun  U[.i,  w*  Unit  a  grcidL-r  siirfucu  in  uxposed 
tu  Ihv  (ligL'stttivv  lluid. 

Till)  i!>xficb  iiiituru  of  tlit>  proctiHt)  by  wliicli  proloid  ie  changed 
to  pvpLuiiu  is  uot  curtftiiily  known. 

Sineo  stttrt'h  on  the  addition  of  water  hocomps  augar  <C«H» 
Oi  +  U|0  =  C'tUnOi),  and  since  peptones  have  boeii  formed 
through  the  action  of  diUite  acid  at  a  high  tempemturo  or  by 
superlieated  water  alone,  it  is  pnssibli^  that  t)u*  di^"^tiun  of 
both  starch  aini  proleids  may  bt?  a  hijilmliim  ;  but  wo  do  not 
know  that  it  is  such. 

As  alroady  oxphiinud,  milk  is  curdlud  hy  mi  extract  of  the 
stomach  (ronnet) ;  aii<i  this  cjiu  take  place  in  the  absence  of  alt 
ucidJt  or  anytliing  else  that  might  be  suspected  except  the  real 
cause ;  there  seema  to  be  no  doubt  that  there  is  a  distinct  fer- 
merit  which  produces  the  coagulation  of  milk  which  i-esiills 
from  the  precipitation  of  its  ca»eii). 

The  activity  of  the  gastric  juicp,  and  all  extracts  of  the  mu- 
oau»  membrane  of  the  Rtomacti,  on  protcids,  i«  due  to  prpsin,  a 
nitntgi'iKiii!*  iMidy,  but  ni>t  a  prK>ttM(l. 

Like  utliL-r  fLirmenls,  the  conditions  under  which  it  is  effect- 
ive ore  well  defined.  It  will  not  act  in  an  alkaline  medium  at 
all,  and  if  kept  long  in  mich  it  is  diinlroytid.  In  a  neutral  nio* 
dium  its  power  is  susitended  but  not  dt«troyed.  Digestion  will 
go  on,  thoagh  less  perfectly,  in  the  preaenre  of  certain  other 
acids  than  hydrochloric.  As  with  all  digestive  ferments,  the 
iM^tivity  of  pepsin  i»  wholly  destroyed  by  boiling. 

When  a  largo  quantity  of  ciinu-sugar  is  taken  into  the 
Etomuch,  an  cxcestiof  mucus  is  p<jured  out  which  converts  it, 
presumably  by  mcens  of  a  special  fermont.  into  dextrose. 

BU«. — The  composition  of  human  bile  is  stated  in  the  fol> 
lowing  table: 

WaKT (»a-90  percent. 

Bilto-salts O-II     "      " 

Fats  and  soaps. %         "      " 

CholesU-rin. Vi      "      " 

Lwithin IB     "      " 

Mucin 1-3      "      " 

Aah 0-Cl    "      " 

The  color  of  the  bilo  of  nmn  is  a  rich  golden  yellow.  When 
it  contains  much  mucus,  as  is  the  C)t»to  when  it  remains  long  in 
tlie  gall-bhwlder,  it  is  ropy,  though  u.sually  clear.  Bile  may 
contain  small  quantities  uf  iron,  maugunose,  and  copper,  the 
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lattor  two  osiMMiinlly  boing  nb^ent  from  nil  otlior  fluids  of  tho 
body.  S<x)tii»i  cliloriito  i»  tlin  tiio»1  Aliitndiuit  itnlt.  Bile  muHt 
Uti  rcgiirdod  as  an  vxci-otion  ax  woH  us  it  Kocrotiun ;  thu  pi^- 
menU,  cop]wr,  nitiiigHTioso,  and  perhaps  tliu  iron  nnd  the  cb(» 
lesterin  buiug  of  littlu  or  no  u»o  in  th«  digestive  procesaee,  bo 
fjir  OR  known. 

The  hile'MiUa  are  the  essential  conRtitoente  of  bile  as  a 
digestive  fluid.  In  man  and  many  other  animals,  they  con- 
sist of  taumcholate  nnd  glytTorholate  of  sodium,  and  may  !»* 
obtuitied  in  buniUea  of  needli^-ithapcd  crystals  nidinting  from 
a  common  center.  These  salts  are  sohihlo  in  water  and  alco- 
hol, with  an  alkaline  n-iirtion.  hut  iiisoltihio  in  ether, 

Glycocholic  acid  may  he  ro8iilvi*d  into  cholalic  (cholic)  acid 
and  glycin  (glycocoll);  and  taurochoUc  acid  into  cholulic  acid 
and  taurin.     Thns: 

Olj  I'Oi-liulIp  acrM.  tnifdalfc  arid.  Clyrla. 

C«H«NO.  +  H,0  =  C«H4,0.  +  0,H,N(V 

TbukkIioUl'  aclil.  CholBllC  Bclit.  TBiirln, 

C„H«NSO,  +  Hft  =  C„H«0,  +  C»H,N80i. 
Glycocoll  (glycin)  is  aniido-acetic  acid — 

CH.<NH|^.  and 
Tauriii,  amido-iaethionit-  Bci<i, 

CH,<^5?;*^.  and  may  be  made  artificially 

ri  tig 

from  isotliionic  acid. 

It  is  to  f)e  noted  that  tho  bile  acids  both  contain  nitroj 
but  that  chololic  acid  does  not.  The  decomposition  of  the  bil 
acids  t^ikes  place  in  the  alimentary  cunal,  and  the  glycin  and 
tjiurin  are  restored  to  the  blood,  and  are  jKissibly  iisi'il  afresh 
iu  the  coastructiun  of  thu  bile  acids,  though  this  is  not  defi- 
nitely known. 

BUe-Plgmenti. — Tin?  yellowiHli-red  color  of  the  bile  ts  owing 
to  liilirtihin  (Ci«Hu>J,<),),  which  may  he  Heparate<l  either  aa 
an  amnrphouH  yellow  powder  or  in  tablets  an<l  prisms.  It  is 
soluble  in  chloroform,  insoluble  in  water,  and  but  partially 
soluble  in  alcohol  and  ethctr.  It  makes  up  a  large  part  of 
gnll-stones.  which  contain,  be,*ides  cholesterin,  onrthy  salts  iu 
abundance. 

It  may  bo  oxidized  to  Bilirerdin  (Ci(HMXtO«),  the  njiturftl 
green  pigment  of  the  bile  of  the  herhivora.  When  a  dmp  of 
nitric  acid,  containing  nitrous  acid,  iit  added  to  bile,  it  under* 
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(TOPS  a  sorioB  at  color  ohangos  in  a  cprlain  tolerably  oonstanl 
onlvr.  lRi.roraiiig  gn-oii.  gi-wnish-blue,  hlue,  violet,  a  brick  red. 
kod  finally  yollow;  thouKi)  thp  ktbpd  's  tlie  mnst  rharacUristic 
unA  pcrmaDunt.  EUch  one  of  thosfi  roprpscnts  a  di^tiiK^t  i<tn(;o 
(if  the  osidation  of  bilirubin,  the  (TTfifiii  answering  tn  biHvonlin, 
Sm:h  18  fitnelin's  t«it  for  bile-pi^mcnts,  by  wbirh  llioy  may  be 
•iL'tc-cted  in  urine  or  other  fluids.  The  abseucu  of  prutoids  in 
bile  is  to  bo  noted. 

Tli«  Digcctim  Action  of  BII«.— 1.  So  far  an  known,  its  action 
on  pmti-iij.-^  tauil.  Wlii'ii  liilo  is  addifd  Ut  the  pixKlucts  of  an 
artificial  gastric  digeation,  bile-salte,  peptone,  pepBin,  and  para- 
peptone  are  precipitated  and  redisaolvcd  by  excestt.  2.  It  i« 
slightly  solvent  of  fat«,  though  an  emuUinn  made  with  bilir  is 
very  feeble.  But  it  is  likely  helpful  to  pancreatic  juice,  or 
more  efficient  itself  when  thu  hvtter  ix  pn-iK-nt.  With  free  fatty 
acid?  it  forms  soap^,  which  theni^etvcis  help  in  emulsifying  fat. 
3.  Membran<!«  wet  with  bile  allow  fats  to  pass  more  readily; 
hoRce  it  is  inferred  that  bile  aasiHta  in  absorption.  4,  When 
bile  is  not  poured  out  into  the  alimentary  canal  the  ftrces 
become  clay-colored  ami  ill-smelling,  foul  gases  being  secretwl 
in  abundance,  so  that  it  would  .wem  that  bilfl  extTcistw  nn  anti- 
wptic  influence.  It  may  limit  the  qunntity  of  indol  formed. 
It  is  to  be  understood  that  thette  vftrioui«  properties  of  bile  are 
to  he  traced  almiM  entirely  to  its  i>aU&;  though  its  alkaline 
reaction  is  favorable  to  digestion  in  the  intestines,  apart  from 
its  helpfulness  in  soap-forming,  etc.  S.  It  is  thought  by  iiome 
that  the  bile  acts  as  a  stimulant  to  the  intestinal  tract,  giving 
rise  to  )>eristaltic  movements,  and  also,  mechanically,  as  a  lubri- 
cant of  the  fawes.  In  the  opinion  of  many,  an  excess  nf  bile 
luiturally  poured  out  causes  diarrhrea,  and  it  is  well  known 
that  bile  given  by  the  mouth  acts  as  a  purgative.  However, 
wo  mudt  distinguish  between  the  action  of  an  excess  and  that 
of  the  quantity  secreted  by  a  healthy  individual.  The  acid  of 
the  stomach  hn»  probably  no  effect  allied  to  that  produced  by 
giving  acids  medicinally,  which  wanis  U8  that  too  much  must 
not  be  made  out  of  the  argument  from  bilious  diarrhoea.  6,  As 
before  intimated,  a  great  part  of  the  bile  must  he  regarded  as 
excremeiititious.  It  looks  as  though  much  of  the  effete  ba-mo- 
globin  of  the  blood  and  of  the  cholesterin,  which  represents 
poesibly  some  of  the  waste  of  nervous  metabolism,  were  expelled 
from  the  body  by  tlie  bile.  The  cholalic  acid  of  the  fwces  is 
derived  from  the  di-conipositioa  of  the  bile  acids.  Part  of  their 
mucus  must  also  be  referre<l  to  the  bile,  the  quantity  originally 
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prtwoat  in  ttm  (laid  dcpendiiig  mticb  on  tho  tongtb  of  its  stuyj 
in  the  gatl-bln(l<lcr.  which  SMtrotuK  ihis  subxtjknoe.  7.  Thore  ii 
throughout  the  i-ntirc  iiliinoiitiiry  tract  a  swn-tioii  of  mucus 
wliic)i  mu.st  itlto^jflhiT  iiniuuiit  tun  Inr^o  quuutity.  uixl  It  ha» 
bcoii  8u^)^'8Ud  timt  this  hiis  other  than  lubriratjag  or  such  likv 
fuuctioii^  It  nppunn«  that  inut-uii  may  be  rcxolvod  inti)  u  |)iii- 
tvid  uiid  nn  animal  gum,  which  lattpr,  it  is  maititaiutil,  liku 
vegetable  gums,  lutsiiitx  omuUification  of  fats.  If  this  bw  ttuv, 
and  the  bile  is,  as  has  been  asserted,  postessed  of  the  power  to 
break  up  this  murus  (mucin),  its  emulsifying  effert  in  the  i»- 
t«t<tine  may  indirectly  be  considerable.  Bile  certainly  seems 
to  intensify  the  emulsifying  power  of  the  imncrcAtic  juice. 

There  does  not  seem  Ui  be  any  ft-rment  in  hilo,  unless  the 
power  to  change  start-h  into  Kugar,  peculiur  tu  this  secretion  iu 
9omo  Animnis,  is  owing  to  much. 

ComparatiTe.— The  bile  of  the  camivora  and  omnivonk  is 
yellowitfli-rud  in  color;  that  of  herhivora  greem  Thv  former 
contains  taurocholate  »alt;s  nlmost  exclusively;  in  herbivorons 
animals  and  man  there  is  a  mixture  of  the  salts  of  both  ucidu, 
though  the  glycocholate  predominates. 


FW.  M*.— Oa11-hInttit(T.  dnriiui  rhnlnlivhu*  HDil  pancmu  tntrrr  !>■  Bml  «,  nll-blMlder ; 
b.  hppktlr  'liict :  r.  otK-nlns  tif  ■Hand  UucT  nf  pannciu .  it.  openlDx  ol  main  paniTUtle 
duct  And  lilhMluci :  r.  r.  diUHlraUin  :  /.  duclui  cti(il*d'<chu*  :  fj.  paaivcak 


Pancreatic  Jaice.— Thii^  fluid  h  found  to  vary  s  good  dimX 
quantitatively,  according  fte  it   is  obtninpd  from  a  temporary  J 
(fi-eshly  made)  or  permanent  listulo — a  fact  which  cinphnsizoAl 
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necesitity  for  caution  in  drawing  cnndtutinnH  about  the 
festive  juicea  as  obtiiined  hy  nur  present  iiietlifKls, 

The  freshoat  juice  nhtniiinhle  tliroiif^h  a  I'eceut  fitttulotu 
upeniiif;  in  the  pancreatic  duc-t  in  <:leitr,  colorloss,  viitcid.  alka- 
liue  iu  renction,  and  vitli  a  very  varinhlo  rjiintitity  of  soUdii 
(two  to  ten  per  cent),  less  thnti  one  )>or  ooiit  being  iiior^nic 
nuitter. 

Among  tho  organic  vunstituLMits  tliu  principal  are  albumin, 
ulknli-ulbuiuu),  pt'ptonp,  leucin,  lyrusin,  fats,  and  snaps  in  small 
tuuouuL    Tliu  ttlkalinity  of  the  juice  in  owing  cliietly  to  eodium 


^^ 


FM,  m,— CrrvMln  of  lendD  i  Puoin-l. 


rm.  tn.-CrmaUct  ijmalalHMnln}. 


irbf)nat<>e,  which  soeni  it)  bi«  assnciatpil  with  some  protoid 
body.  Them  is  lidlo  doubt  tlmt  leiirin,  tyrnsin,  and  pcjitono 
arise  from  digesition  of  tho  protelds  of  the  juice  by  it«  own 
ac-Ii'in. 

Experimental.— If  the  pancreatic  gland  be  mostly  freed  from 
uilliering  fnt.  cut  up,  and  washed  ito  &!>  to  got  rid  of  hlnnd; 
then  minced  ob  line  as  possible,  and  allowed  to  stand  in  one-per- 
cent soilium-carbonate  solution  at  a  temperature  of  40°  C,  the 
folIowinK  n-sulls  maybe  noted:  1,  After  a  \-ariuble  tinn-  tho 
reatition  may  change  to  acid,  owing  to  free  fatly  aciil  from 
the  decomposition  (digestion)  of  neutral  fats,  2.  Alkali-albu- 
min, or  a  body  closely  resembling  it,  may  be  detected  and  »cp- 
anitetl  by  nentmlixulion.  3.  /lr;rfww  may  lie  detected  by  tho 
uw'of  a  trace  of  copjK-r  sulphate  added  to  a  few  drops  of  caustic 
alkali,  which  beciomeB  red  if  tliif*  body  he  present,  4,  After  a 
few  hours  the  smell  !)«come«  f«-e«l.  owing  in  part  to  indul, 
which  gives  u  violet  color  with  chlorine- water;  while  under 
tho  microecopc  tho  digesting  mnes  may  be  seen  to  bo  swarming 
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with  booteriA.  5.  When  digt^stion  ha»  prucoL'^lof]  for  some  time, 
ietiein  and  tj/fwtin  mfty  b»  xfaown  to  itv  prfH«iit.  llioiiKb  tlioir 
satisfactory  ^cpitriitioii  in  cry^iUilIim-  form  Jiivolvus  8i^)muvrbut 
elaborate  detailu.  Tbu8t<  cbauj^es  urv  uwiug  to  svlf-digc^tioa 
of  tbe  gland. 

All  the  properties  of  tbis  secretion  may  l»e  demoiiHtratcMl 
mi>rt'  satisfjwtorily  by  making;  an  a(iueoiift  or,  Iwtter,  filytieriwe 
oxtrnct  of  tbo  pancreas  of  an  ox,  pi(t.  etc.,  and  carrying  on  arti- 
ficial digt'Stion,  ns  in  tbe  east}  of  a  peptic  digestion,  witli  fibrin. 
In  tlie  case  of  thu  digitition  of  fat,  tbt.'  emulsifying  power  of  n 
watery  extract  of  tbu  gland  may  bu  i^huw  ii  by  Hluiking  iip  a 
little  melted  hog-'s  lard,  olive-oil  («icb  quite  f n-sh,  so  im  to  show 
no  acid  reaction),  or  soap.  Kept  under  projior  conditions,  freo 
acid,  the  result  of  decomposition  of  the  neutral  fats  or  soap 
into  free  acid,  etc.,  may  be  easily  shown.  The  emulsion,  thougb 
Allowed  to  stand  long,  persista,  a  fact  wbich  is  availed  of  to 
produce  more  palatable  and  ea.'iily  assimilated  preparations  of 
cod-liver  oil,  etc.,  for  Diediciiial  u»e. 

Starch  is  also  convt?rtod  into  sugar  with  grciut  oaso^  In 
Bhort,  the  digestive  juice  of  the  pancreas  is  the  most  complex 
and  complete  in  its  aii^tion  of  thy  whole  serioti.  It  in  amylolytic, 
prnteolytie,  and  Hteai»tic,  and  these  powers  have  been  attributed 
to  three  distinct  ferments — amylopsin.  frypsin,  and  aleapsin. 

Proteid  digestion  is  carried  further  than  by  the  gastric  juice, 
and  the  quantity  of  crystalline  nitrogenous  products  formed  is 
in  inverse  proportion  to  the  amount  of  peptone,  from  which  it 
Menus  just  to  infer  that  part  of  the  original  peptone  has  bi>OD 
oonvorted  into  these  bodies,  which  are  found  to  bo  abundant  or 
not  in  an  artificial  digestion,  ttccording  to  the  length  of  lime 
it  has  lasted— the  longer  it  has  been  under  way  the  more  leucin 
and  tyrosiu  present.  Loucin  is  another  compound  into  which 
the  amiilo  (NH,)  group  enters  lo  make  amido-caproic  acid — one 
of  tlie  fatty  scries — while  tyroain  is  a  very  complex  member  of 
the  aromatic  series  uf  compounds.  Thus  complicated  are  the 
chemical  ejects  of  the  digestive  juices;  and  it  seems  highly 
probable  that  these  are  only  some  of  the  compounds  into 
which  the  proteid  is  broken  up. 

These  crystalline  bodies  may  be  made  artificially  by  the 
long-continued  action  under  heat  of  acids  ami  alkalies,  in  pro- 
teid or  gelatinous  matter,  though  it  can  not  be  said  that  these 
facts  have  as  yet  thrown  much  light  upon  their  formation  in 
the  digestive  organs. 

Though  putrefactive  changes  with  formation  of  ituiol,  etc.. 
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occur  in  {utncreatic  digpstion,  both  within  and  without  the 
iKxiy,  thi'y  lu-e  to  be  reganifd  i^  occitkiQtfil.  f(ir  by  pruimr  pn- 
OLUtiuns  digestion  in»y  bo  c»rrii>nl  on  in  tlii<  Itibomtory  without 
their  uccurrctico,  nnd  tlioy  vary  in  ik<gn<L>  with  tho  Httiiuiil,  the 
imlivjdual,  tliw  food,  nud  othur  conditiouM.    It  is  not,  however. 
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A9#v>r<)rnisUaii ;  ^.  tanoui  (tafTM  of  <li.>vtIo|iin4^l  of  bwrltliu  which  cojua  tonnfcntAtluii 
(V  BJbunMS- 

to  be  inferred  that  mirro-orffanisins  Bepve  no  usefnl  juirpose 
in  the  alimentary  canal ;  tbe  subject,  in  fact,  requiren  further 
inveRti;7ntinn. 

Sncoiu  Entericu. — The  difficiiUir-s  of  (olU-rting:  the  socri'tions 
if  Lii-iii-rkiilur.-i,  Br£lnm*r's,  and  other  inU'siiniil  glands  will  be 

atuM  nppnront.    But  by  dividing  the  inU^stiuo  in  two  places, 

nit  to  imlfttv  n  1'iu|>  of  thu  gnl.  joining  the  8iind(.>r<<d  ends  by 
ligstunts,  ihint  mukiiig  thu  continuity  of  tliu  main  gut  as  com- 
plutw  as  before,  closing  one  end  of  the  isolated  loop,  and  bring- 
ing tho  ollu'r  to  the  exterior,  as  a  fiHtuloun  opening,  the  secre* 
tions  couM  be  willected,  footl  introduced,  etc. 

But  it  seems  highly  improbable  that  information  apprttxi- 
malely  c«irrect  at  best,  and  possibly  highly  miHlearling,  could 
be  obtained  in  such  manner.  Moreover,  the  greatest  diversity 
of  opinion  prevails  aa  to  the  fa<'ts  thi'mselves,  an  that  it  seems 
Bcnrwly  w<irih  wbile  to  stjite  tbe  contradictory  coiiclusiuiis 
arrived  at. 

It  i«,  howfver,  on  tlif  face  of  it,  probable  that  the  intestine 
;^— even  the  large  intestin'.—<ioc«  secrete  juices,  that  in  herbiv- 
At  ttll  r>vents.  play  no  uaim|>ort»iit  part  in  the  digestion 
■of  their  balky  food;  and  it  is  also  probable,  as  in  so  many 
other  instances,  that,  when  the  other  parts  of  the  digostive 
tract  fail,  when  the  usual  secretions  are  not  prejiared  or  do  not 
act  on  the  foot),  glands  that  normally  play  a  possibly  insig- 
niRonnt  jwirt  may  function  excessively — we  may  almost  say 
vic«ri(iU-"«ly — and  that  such  glands  mu.it  be  sought  in  the  small 
imcetinth    There  are  f»ct.s  in  clinical  mi:?dicine  that  seem  to 
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fto.  tH—Otumi  tIfv  of  lion^'4  lnlp>IlnF>:  animal  In  plapril  oa  III  Ihu^i.  and  Ini 

■■  11  I 


■pfvflvl  oul  Oiflrri-liituvmiii     ^i^  iliinilviiuiu  a*  li  dbimk  Ix^LLiiil  jcrrai  niMmfaftc 
B,  tnr  pnnioii  of  nnall  liiUMino ;  f.  OramtiJ  j-  irl  li>ri  ;   II.  iwllln  :   K.  K.O. 


utmr :   B,  1 

eowllul«  *iipnuti'rngil  nnil  >]lii|ihni!inUlo  tleiuns. 
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IMint  Htrongly  in  tfaU  direction,  thongh  the  aabjecb  baa  not  yet 
been  reduretl  to  acienlific  form. 

ComparatiTo.— VV'ttbin  tbe  lart  few  years  the  study  of  vege- 
table a^hiiiti  tilt  ion  from  the  com[)arative  acpect  ban  been  fruit* 
fill  in  results  which,  together  with  many  other  facts  of  vegc- 
tftble  metnlMtli.ini,  show  that  even  platittt  ranking  high  in  tlii> 
organic  plain-  are  not  in  ninny  of  their  ftuiflious  »u  ilifTerent 
from  auimaU  as  lifts  been  supjiosod.  It  bos  bvcn  kuown  for  a 
longer  period  tliat  certain  plAntsaro  carnivorous;  but  it  was 
domewbnt  of  n  surprise'  to  tind,  as  haa  betiu  done  within  the 
Itast  r«w  yuurs,  that  digtstivu  ferments  are  widely  distributed 
in  tbe  vegutablo  kingdom  and  are  found  in  many  different 
parta  of  plants.  What  purpose  they  may  serve  in  tbe  vege- 
table eiconomy  is  as  yet  not  well  known.  At  present  it  wouUl 
seem  as  thout;b,  from  their  presence  in  so  many  casat  in  the 
seed,  they  might  have  something  to  do  with  changing  the 
cruder  forms  of  nutriment  into  such  as  are  better  a^laptud  for 
the  noiiri^hmcut  of  the  embryo. 

Thus  far,  then,  not  only  diar<tu:w  but  pei>»iii,  a  body  with 
aotioD  similar  to  trypsin,  and  a  rennet  fermuiit,  rank  uuiong 
Iho  vegetebla  fonnont«  bmt  known. 

A  ferment  ha»  boon  ostructed  from  tbt'stem. leaves,  and  un- 
ripe fruit  of  Carica  /xi/xiya.  found  in  the  East  and  West  Indies 
and  elsewhere,  which  has  a  marked  proteolytic  action. 

It  is  effective  in  a  neutral,  most  so  in  an  alkaline  medium ; 
and.  though  its  action  is  suftpendetl  in  a  feeble  acid  menstruum, 
it  does  not  appear  to  be  destroyed  under  such  circumatancea,  as 
is  trypsin.  This  bofly  is  attractinc  a  gotwl  <b'al  of  iitteiition, 
and  its  iutt>  hiw  been  recently  iutroduce<l  into  iiR»Jicul  practice. 

Very  lately  alson  vegetable  rennet  has  W^^n  found  in  sev- 
eral species  of  plants.  Tbe  subject  is  highly  promising  and 
suggestive. 


SiM'RKTIOK   AS  A   PHVUlrtLOniCAL  PrOCRSH. 


Seeretloa  of  the  Salivary  OlaadL— We  shall  truat  thbt  subject 
at  more  li-HBtb  bocausu  of  the  li^bt  it  throws  on  the  nervous 
phenomena  of  vital  process ;  and,  since  the  salivary  glands  have 
iioea  atudied  more  thoroii;;hly  and  successfully  than  any  other, 
they  will  receive  greater  attention. 

The  main  facts,  ascertained  experimentally  an<i  otherwise, 
ore  tbe  fidlowing: 

Assuming  tliut  the  student  is  familial*  with  tbe  general  ana- 
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tomtca]  rclatioDK  of  tlic  salivary  glantlti  in  Domo  mammal,  we 
would  further  remiud  liim  tliat  tlii?  submaxillary  gland  has  n 
dou1)l(>  nervous  supply:  1.  From  tbe  cervk-al  s)Tnpathetic  by 
brancbes  pasninf;  to  tbe  pland  uloiig  its  arteru-8.  3.  From  thp 
cliorda  tympani  nerve,  whk-h  after  leaving  ihe  facial  mak«< 
ronnectiou  with  tbe  lingual,  whence  it  ]jroceedii  to  its  destina- 
tioo. 


Fart  of  bnMn  obocc  ntt^utla 


jlff^mt  tuna    ^,-' 

fromttrngu—"^ 


gCoiil 


Blond 

ofl/lana 


Sujwrkir  terv.  uanotlon 


Si/niJwMKtte  WTM 


Tta.  m.~Illajcrkin  ia(«nd«d  ki  IndloW  Iho  uirroun  mi'i'luiibini  ot  akllmry  MWWl»B. 

Tbo  following  farta  are  of  importance  tm  a  bnttis  for  conelti- 
sions;  1.  It  i.s  a  nndler  of  common  observiition  that  a  flow  uf 
Miliva  may  Iw  ftxritetl  by  tho  i*»»Ml,  tRsti-,  sight,  or  even  thought 
of  food.  i.  It  is  also  a  matter  of  i>x|ierieucu  that  omotiona.  a» 
fear,  anxiety,  ote.,niay  jmrfh  the  mouth — i.  e.,  arrest  the  flow  of 
wtlivu.    The  excitvd  speaker  thus  sufTers  in  hitt  early  efTort& 
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a  plaiw  tiilm  Imi  pliici'il  in  the  ilm-t  of  the  (flmul  »ii<l  any 
sub^lntK-e  tlmt  natiintlly  (rnusi>i«  n  flow  of  ^iiliva  bo  jjIul-vU  od 
tliu  toitgue,  SAliva  iimy  be  iHX-ti  to  riso  rii|>irlly  in  the  tube,  4. 
The  siiiue  nwy  bo  olworved  if  thw  lirigunl  norvo,  the  i^lossopha* 
ryiigo-nl.  Ami  iiuuiy  other  iioive^  l>c  )«tiiiiubiti-<l ;  also  if  fnod  bo 
intrixlui-otl  iiilo  t)io  litniiiiich  through  u  listuhi.  A.  If  the  [)«;• 
riphurttl  wild  of  tliu  ehorJa  tympmii  be  ^timulHtcO,  two  retiults 
follow:  (a)  There  is  au  uburidiuit  dow  uf  italivn.  aii<i  (ft)  th« 
arlorioU-s  of  the  f^lnad  becorao  dilutuil;  the  blood  may  pa88 
Ihronifh  with  such  rapidity  that  the  vcnou»  hloo<l  uiiiy  bo 
bright  red  in  eolor  and  there  may  be  a  venous  ]>uUe.  7.  Stimu- 
lation of  the  medulla  oblnngata  jtives  ritte  to  a  flow  of  Hiiliva, 
wliich  is  not  possible  when  the  nerves  of  the  jflniid.  I'Spocitilly 
the  chorda  tymimni,  are  divided ;  nor  can  a  flow  be  then  exciibod 
by  any  sort  of  nervous  sliinulatioii,  ex<^i»titi}{  tlint  of  tlio  ter- 
mitinl  bnutclies  of  tho  nerves  of  the  }(land  itself.  >*.  If  the  sj-m- 
puthotii'  uervos  of  the  ghmd  be  divided,  there  is  no  immediate- 
flow  of  saliva,  though  there  mny  bo  some  dilatation  of  its  ves- 
sels. 9.  Stimulation  of  the  terminal  ends  of  the  sympathetic 
anil  chorda  nerves  causes  a  tlow  of  saliva,  differing  as  to  total 
quantity  and  the  amount  of  eiintained  solids;  but  tho  nerve 
that  pnaluces  the  more  abundant  watery  seeretioti,  or  tliu  ro- 
%'er8<>,  varies  with  the  animal,  e.  g.,  in  the  rat  chorda  saliva  is 
tnor>.'  viscid,  in  the  doy  less  so;  though  in  all  animals  as  yet 
cxiunined  it  seems  that  the  soeretioii  tut  a  result  of  stimulation 
of  (he  ehordn  tympani  nerve  is  the  more  nbundant:  and  in  the 
ease  of  stimulation  of  tho  chunlu  tho  vessels  of  the  gland  are 
(lilat«<i,  while  in  the  case  of  tho  sympathetie  thoy  are  con- 
stricted. 10.  If  atropin  bo  injedetl  into  the  blood,  it  is  impus- 
sible  to  induce  salivary  secretion  by  any  form  of  atiuinlatiou, 
lliougli  excitation  of  the  chorda  nurvo  still  causes  art<^<nal  dila- 
tation. 

Conclniiona. — t.  There  is  a  center  in  tho  motlulla  presiding 
over  Niliviiry  secretion.  2,  The  influence  of  this  center  is 
mndore<l  olTectivo  through  thi>  chorda  tympani  nerve  at  all 
eventa,  if  not  also  by  tho  symjiathetic.  3.  The  chorda  tym- 
pani nerve  contains  both  secretory  and  vnao-dilator  fibers;  tho 
i«ymp«ithe tic  secretory  and  v««o-coustrictor  fibors.  4.  Arterial 
change  is  not  essential  to  seorelion,  though  doubtless  it  usually 
acconi|i<anies  it.  Seci-otion  may  be  induced  in  tho  glands  of 
Ml  animal  after  decapitation  by  stimulation  of  its  chonla 
tympani  nerve,  analogous  t<i  the  secretion  of  swiwt  in  the  foot 
of  a  rvouDtly  dead  auiiuni,  under  stimulation  of  the  sciatic 
ai 
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nerve,  a.  Tho  rtmra^-toi-  of  tlio  enlivtv  st-crcUfl  x'ftnc*' 
Ihu  ncrvo  .stinitilnteil.  so  ttint  it  sctmts  liki-ly  ttml  ih*.-  ru-rvouit 
ccDt^rs  nurmnll}'  in  tin'  inluot  nninml  rc^^iilnto  tliu  qunlity  of 
the  saliva  llirough  Ihi*  dejirw  to  which  onv  or  thu  otliur  kind 
of  ntrves  is  (-allec)  into  ac-timt.  6.  Secrt-tion  of  saliva  may 
hf.  inclucFid  reflesly  hy  oximrinient,  ami  euch  is  probably  the 
normal  course  of  events.  7.  The  action  of  the  medullary  center 
may  be  iiihihitetJ  by  the  rerehnim  (nmotioiiR). 

Some  liBVe  Iocate<l  a  neuter  in  the  rer'-lirsi!  fortex  (la^to  cen- 
ter), to  which  il  13  asRunieil  iininilsfn  first  (rnvfi  from  the 
tonguonnd  which  then  rouses  tho  proper  ^ocrutiiig  centers  in 
the  medullii  into  iictivity.  It  wtemw  niom  likely  that  the  cortl- 
col  center,  if  thrre  Ix-  imi-.  roniiilolfs  Hit'  pliVMologit-ul  processes 
by  which  tauto  8oudiition»  an>  elaborate. 

From  ihu  iitlluuiico  of  dru(^  (atroptn  and  its  antagonist 
pilocarpin)  it  in  plain  that  the  gland  can  be  affwtcd  throuRh 
the  hlnod,  though  whelher  wholly  by  direct  action  on  the  cen- 
ter, on  any  I<»cal  nervous  mechanism  or  directly  on  the  cells,  is 
as  yet  undetermined.  It  is  found  that  pilocarpin  can  act  long 
after  section  of  the  nerves.  This  does  not,  however,  prove  that 
in  the  intact  animal  such  is  the  tisunl  lundus  operandi  of  this 
or  other  dru^,  any  more  than  the  so-called  paralytic  secrotioii 
after  the  sectiMu  of  nerves  provei*  that  the  latter  are  not  con- 
cerned in  swMi.'tion. 

We  lo(jk  upon  paralytic  secretion  as  the  work  of  the  cell  it 
whou  ^ono  wrong — piutsed  fntni  und^r  the  dominion  of  the 
nerve-CL'ntt'rs,  Secretion  is  a  p;tri  of  the  natural  lifu-proL-«.«8es 
of  gland-cells — we  may  say  a  series  in  llu*  long  chain  of  pro- 
cesses which  are  indisponsahle  for  the  health  of  these  cells. 
They  must  be  either  secretinR  cells,  or  have  no  place  in  the  nat- 
ural order  of  things.  It  is  to  he  esj>ecially  noted  that  the  sccre- 
iioii  of  salivft  continues  when  the  pii.-t*sure  in  the  ducts  of  tho 
gland  is  greater  than  that  of  the  blood  in  its  vessels  or  oven 
of  thocarfjtid;  8o  that  it  swms  possible  that  over-importanco 
has  been  atUiehud  to  blond -prussun-  in  secretory  pi'OceBBOB 
gonurally. 

It  may,  then,  be  safely  assumed  that  formation  of  saliva  re- 
sults in  ronsequenre  of  the  nntnral  activity  of  certain  cells,  the 
processes  of  which  iii-e  correlated  and  harmonized  by  the  nerv- 
ous system  :  their  activity  being  nccomimnied  by  an  abundant 
Rupply  of  blood.  The  actual  outijourtng  of  salivadepends  us«- 
nlty  on  the  establisliment  of  a  nervous  rt'tlei:  arc.  The  other 
glands   liave  been  Inb  carefully  studied,  but  the  parotid   i» 
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hnowD  TO  Imvo  iL  (louMc  norvuiitt  supply  from  the  cerebro- 
tipiiinl  and  thu  syiupjithot  k*  ^ysti^ms. 

It  would  apjiMtr  ttiut.  an  the  viiso-motor  changcw  run  paral- 
lel with  the  secrotury  ones,  the  vusu-molor  and  the  pruiwi- 
secpetflry  centers  act  in  concert,  as  we  have  seen  hoUlu  of  the 
former  and  the  respiratory  center.  But  it  is  to  our  own  mind 
vury  dimbtfiil  whethpr  the  iloctrine  of  so  nharp  a  deraarkation 
of  )iidi-|>ciidoiit  wntcrs,  prnmitifntly  recognised  in  the  pliysi- 
oloKy  of  tho  day,  will  he  that  ultimutely  accepted. 

Beeretion  by  the  Stomacb.— The  nuicoiix  niombnvne  of  St.  Mar- 
tin's slouiikt -h  WH6  obtit'i'vi'd  bo  bo  pale  in  the  intervults  of  digm- 
tion,  but  flushed  when  secreting,  whieh  resembled  sweating,  so 
far  as  the  flow  of  the  fluid  is  concerned.  When  tht-  man  was 
irritat^'d,  the  gastric  membrane  became  pale,  and  secretion  was 
leaKlied  or  arn^ted,  and  it  is  a  common  experience  that  emo- 
tions may  help,  hinder,  or  even  render  aberrant  the  digeHtive 
prooosMS, 

While  the  evidence  is  thus  dear  that  gastric  secretion  is 
nigillaU.-d  by  the  uorvous  system,  the  way  in  which  this  is 
aooomplishud  is  very  obxcure.  We  know  little  uf  either  the 
centers  or  nerves  concerned,  and  what  we  do  know  helps  but 

t doubtfully  to  an   understanding  of   the  matter,  if,  indeed,  it 
does  not  actually  confuse  and  puzzle. 
L    Digestion  can  proceed  in  a  fa.thion  after  section  of  the  nerves 
going  to  the  stomach,  thungh  this  has  little  force  as  an  argn- 
mcnt  against  iiervci  iufluenco.    We  may  oonelnde  the  subject 
by  stating  that,  while  the  influence  of  the  nervous  sy!*tem  over 
gastric  sucrotiun  is  undoubted  as  a  fact,  the  method  is  nut 
understood ;   and   the   same  remark   applies  to  tli«  secreting 
activity  of  the  liver  and  panrreaf. 
Th»  Sceretion  of  Bile  and  Pancreatic  Juice. — When  the  contents 
of  the  stomach  have  reaclieii  llie  orillee  of  the  discharuinB  bile- 
durt,  a  large  flow  of  the  biliary  secretion  takfs  place,  pi-obably 
■     Hit  thn  result  of  the  emptying  of  the  gull-bladder  by  the  con- 
\  traction  of  its  walls  lunl  tluwe  of  itn  ductn.    This  is  probably 

ift  ruflex  net,  and  the  iiiigmented  flow  of  bile  when  digeslKm  is 
proceeding  is  ali<^  to  bo  traced  chiefly  to  nervous  influences 
reaching  the  gland,  though  by  what  nerves  or  under  thegov- 
i»mment  of  what  (»art  of  the  nervous  centers  is  unknown. 
Very  similar  statements  apply  to  the  secretion  of  the  pancre- 
atic glands,  thoutfh  this  is  not  constant,  as  in  the  case  of  bile — 
at  all  events,  in  most  animals. 

It  Id  known  that  aft^r  food  has  be<'n  taken  there  is  a  sadden 
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iiK-rwit^  in  tli©  r|tmiitity  of  bilo  si'rri'tiHl,  foUovrod  l»y  a  sinideti 
tltiuiiiutiaii,  llieii  a  mure  ^nuluul  viav,  wiih  ft  eu1>suquo»t  fall. 
Almost  the  a&mt}  holds  fur  tliv  inkncreoit. 


I  lHHUIalBlT!i|B|lO|U',ltlHi|l|l|Ell6|li«|8|l|»lB|l 


Fir*.>T4.— pl^nun  to*howlDnii«HwoffQndliiiiMTvl<oinritpaticrcatlolulOB(«nnr  S  O.  nFre- 
■Mln),  Toe  •tecMai  npnwnl  iHWra  tttrr  laklnK  ('■"^  :  cinlln«Wa  unaiint  In  ciihli?  wdQ- 
cnuiiuin  uf  aMtvUiio  Td  tn  ralautn     rool  Md*  takm  at  ff  juid  C     ThM  (tlutrmm  twt? 


D«irl)-  alu  rnimiHiUM  Uii  ■rciMlou  of  Ule, 

It  neems  iin]>oa8ibIe  to  explniu  these  facts,  eapecially  the 
tirst  rajiid  ilirtrhnrgc  of  fluid  apRi't  from  the  direct  inflnence  uf 
the  nervous  system. 

Upon  thi*  whole,  the  ovidomie  seems  to  show  thnt  the  proas* 
tire  in  the  hilu-dncts  ir;  greiUvr  Ihitii  in  the  veins  thnt  unitu  1o 
make  up  the  purlul  systum;  hut.  there  lire  difficulties  in  the 
invostiKation  of  Huch  and  kindred  subjvcts  as  regards  the  liver, 
uwiiijt  to  its  peculiar  vaseular  supply.  It  will  be  borne  in  mind 
that  the  liver  in  niamniuU  eonsists  of  a  mnh»  of  blood -vesisieU, 
between  the  meshes  of  which  are  pac-ketl  innumerable  cells,  and 
thut  urouitd  the  latter  meander  the  bile  capillaries ;  that  the 
portal  vein  hrenks  np  into  the  interlobular,  from  which  capil- 
lurioH  ari^'e.  that  tenniiiatA  in  the  central  intralobular  veins, 
which  make  up  the  hepatic  veiiilets  or  termimitie  in  these  vessels 
But  the  St  nifture  is  complicated  by  the  branches  of  the  hejiatio 
artery,  whit'h,  as  arterioles  and  capillaries,  enters  to  s<iiiie  extent 
into  the  formatiun  of  the  lobular  vessels.  It  is  remarkable  that 
the  cells  of  the  liver  uri>  so  KiiiiilBr.contudering  thocomplicAtod 
fanctions  they  appear  to  discharge. 
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A  quMttion  of  intcrfst,  ttiuut^li  difficalt  to  niuwer,  is  tlie 
extent  to  which  the  vwrious  coiistituout*  of  bile  are  rouuufact- 
nred  in  the  livor.    Tuurin,  for  oxamplv,  is  pretwiit  iu  some  of 


Fm.  t;i.  — Lobulo  of  Urpr.  tnTcrlntiiiUr  *nH>li.  nnO  inlralnhular  ii-lii*  iMiqwyi,  1, 1. 1. 1,1.4. 
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the  ttSRues,  btit  whether  thiR  is  used  in  the  nmnufacture  of 
tAitn^hoIir  acid  or  wh<>th«r  the  latter  is  mude  entirely  anew, 
ntiil  jKUisilily  hy  a  method 
in  which  taurin  never  up- 
p«Drs  as  fiuch.  is  an  opuii 
question.  It  is  highly  prob- 
able that  a  portion  of  the 
•bile  poured  into  the  intes- 
tine is  absorbed  either  m 
mioh  or  after  jiartinl  detvim- 
piiirition.  the  products  to  l>e 
usvtl  in  i*ome  vay  in  the 
economy  and  presumably  in 
the  const  met  ion  of  hi|p  hy 
the  Hrer.  There  are  many 
fiict8.inclndin^  some  patho- 
logicAl  phi^riomeiia,  that 
point  cloarly  to  Ih"  fonna- 
tioii  of  11r<  pi^mont^of  bile 
fnim  hGL'mojjlobin  in  8omo 
of  its  Ktii;:r-  of  di'guiK-rfttioii, 

Pathologic*!— When  ih*i  liver  fails  to  act  either  from  de- 
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ran^Ea4>nt  of  its  cells  pi'iraarily  or  nwiiijE;  to  obstruction  to  the 
outflow  of  bile  leading  to  reabiiorptioi]  by  t)ie  liver,  bilo  acids 
atiil  biio  pignif-nta  appt>ar  in  the  uriiio  or  may  stain  the  tissueti, 
itiilirnlint;  thoir  pmst^ncc  in  t^xcess  in  tlio  blooil. 

Thiis  Hctioii  of  inn'  g\Mii\  (kiiinoy^)  fur  iin<itlifr  is  biglily 
suggoetivu.and  esjHicially  important  to  Ixmr  in  mind  in  inodicul 
pruclico,  both  in  trmtinent  and  prognosii^.  Tlip  vliiini-i-tt  uf  ni- 
covcry  vrlu-n  only  one  oxi-rt'ting  k'''"'!  '»  dieeaswi  nrt-  niuch 
Ki""-'i't*-r  ovidt-nMy  than  when  aeveral  arc  involved.  Sudi  ffu.'lB 
08  wo  have  cil«d  ohow,  nioroowr,  that  them  aru  vortain  conimun 
funditmontiil  principlus  underlying  atvrutioii  ovurywUtTw — a 
statcmuui  which  will  be  soon  muro  fully  illustrutiHl, 

Thk  Naturk  or  the  Act  of  Sbcrbtioit. 

Wp  aro  now  nlKHit  to  consitipr  some  invcstigiUions,  more 
part iuuhtrly  ihiiir  ri'viiilts.  which  uro  of  fxtrtirordinai-y  intvrt-st. 

The  sccrotinj;  coUn  of  thu  salivary,  the  pancrMitic  glands, 
and  tliy  stoniaoli  liav«  bewn  studit-il  by  a  coiiiliinatiuii  of  bisto* 
logical  and,  moro  strictly,  pliysiolugical  nu'thuds,  tu  which  we 
shall  now  refer.  Sppcimt'iis  of  ihusu  glandit,  both  before  and 
after  prolonRed  sHcretion,  under  stimulation  of  these  nerves, 
were  hardr?ned,  stained,  and  SHctiotis  proparod.  As  was  to  1h> 
expected,  the  results  were  not  entirely  satinfactory  under  thvs^ 
methods;  however,  the  pancreait  of  a  living  rabbit  has  btt-ii 
viewed  with  the  microscope  in  its  natural  comlition;  ami  by 
thiit  plan.  *^pt'i'i»lly  when  supplemented  by  the  more  involved 
and  artillcial  niothuJ  lirst  referred  to,  results  have  been  reached 
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which  may  be  ranked  among  thu  groatest  triumphs  of  modern 
physiology. 
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Some  of  Ihfse  wo  now  proceed  to  sUto  briefly.  To  h^ipii 
with  llio  pnttrn-juc.  Jt  litifi  liecu  Bhown  thut,  wheti  the  ^lanit  Is 
n<it  socn'tiiig— i.  v..  nul  ilischiirfiring  lt«  preparuti  fluici— or  dur- 
ing thu  MM-'ulloil  rL>»iting  iitngi-,  tlib  appo«niiice8  liri-  strikingly 
diflTcrottt  from  whut  thi-y  ar«  during  nctivity.  The  coll  pre- 
)fci)t)<  liuring  rest  tin  iiirn.T  grnriular  zuni'  mid  nil  oiitor  clifircr 
zuu<.>.  which  stititut  mort*  n^utlily,  ami  ih  rvhiiiv<.'ly  smttll  in  »}ze. 
Tli«  lumen  of  tho  alvcolue  is  almost  ohliterated,  and  the  in- 
dividual cells  very  indistinct.  After  a  jwriud  of  set^roling 
arti%'ity,  the  lumen  is  easily  piicinved,  the  ^anuleH  have  dis- 
appeared in  great  {lart,  the  cells  as  a  whole  are  smaller,  and 
have  a  clear  appearance  throughnut.  Coincident  with  the 
changed  in  the  gland's  celltt  it  is  to  he  noticed  that  more  blood 
passes  through  it,  owing  to  dilatation  of  the  artorioleR. 
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Again,  the  course  uf  the  changes  in  the  salivary  glands, 
whether  of  the  muoontt  or  serous  variety,  is  very  t<imi!ar,  lu 
thi'  mucous  gland  in  the  resting  stage  the  cells  are  large,  and 
hold  iiiucli  clear  matter  in  the  interspaces  of  the  coll  nclwurk ; 
and.  lut  this  does  not  stain  rea^Iily,  it  can  not  bo  ordimiry 
prutoiilasm.  This,  when  the  gland  is  stimulated  through  its 
Denree,  di.tapiH'itrs,  leaving  the  i^ontitiniug  cells  ttmallor.  It 
ba8  hocomo  mucin,  and  may  it>c1f  hv  culled  mucinoytn. 

It  is  to  he  iioloil  that,  iu<i  llio  colU  beconiu  more  protuplniimic, 
lew  bunlunvd  wtlh  tho  products  of  their  activity,  the  nucleus 
becomes  mon^i  prominent,  suggestive  uf  its  having  a  probable 
diri-ctive  influence  over  these  manufacturiag  processes. 

Substantially  the  same  chain  of  events  has  been  wtablished 
fnr  the  serous  salivary  glands  and  the  stomach,  so  that  we 
may  wifely  generalize  upuu  these  well-istablished  facts. 
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It  »wnis  cleftT  that  a  series  of  changes  a>nstrwctivo  and,  from 
one  iKiint  of  view,  destruclive,  followiug  ibe  former  am  con- 
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sttuUly  (fling  on  in  the  glnufls  of  tho  (iigestivc  organs.  Proto- 
pluMMi  umlor  iiorvo  infhienicv  eoiistnicts  a  ci?rt»)n  suhstancp, 
which  iii  an  aiitcoL-^K-nt  of  thu  llnal  protiuct,  which  we  term  a 
fermtint.  It  is  now  cu«loiiiiiry  to  Kpuak  of  these  changes  as 
constructive  (aniiholic)  and  destructive  (kata)x>1ic),  (hough  wo 
have  ah-eady  pointed  out  (pugu  27^')  that  tliis  view  is,  at  hti»i, 
only  one  way  uf  looking  at  tho  matter,  aud  we  doubt  if  it  Riay 
not  he  crampiiiR  and  misleading. 

\V<!  must  alsn  urge  caution  in  regard  to  the  conception  to 
bo  a«!(»ciated  with  the  use  of  the  ttTitis  "  n^Hting  "  and  "  active  " 
fltagL*.  It  is  not  ti>  ho  forgotten  that  ustrictly  in  living  cells 
there  la  no  absolute  rest — Buch  meanti  duath  ;  hut,  if  tliese  terms 
be  understood  as  denoting  hut  degrees  of  activity,  they  need 
not  mislead.  It  is  also  more  than  probable  that  in  certain  of 
the  glands,  or  in  some  animals,  the  processes  go  on  siniultano- 
ously:  the  protoplasm  being  renewed,  tlie  symogeji,  or  jiKitlicr- 
furment,  being  formed,  and  the  latter  converted  into  actual  fer- 
muut,  nil  at  the  same  lime. 

It  has  been  pointwl  out  that  ehorda  saliva  i»  usually  more 
watery  than  that  secreted  uudiT  stimulution  of  thesyniiiathetic, 
Wlien  atropine  is  injected  there  is  no  discharge  whatever,  not- 
withstanding that  the  usual  vnttcular  dilatation  follows,  from 
which  it  is  clear  tliat  the  water  is  actually  secreted. 

The  nature  of  secretion  is  now  tolerably  clear  aa  a  whole; 
though  it  is  to  be  remembered  that  this  account  is  but  general, 
and  that  there  are  many  minor  differences  for  each  gland  ami 
variation.t  that  can  scarcely  be  denominated  minor  fordifferent 
animals.  Evidently  no  thi'ory  of  fdtiatiou,  no  prwess  depend- 
ing solely  cm  blooil -pressure,  will  apply  hero.  And  if  in  this, 
the  beat-studied  case,  mechanical  theories  of  vital  processes 
utterly  fail,  why  attempt  to  fasten  thum  upon  other  glands,  as 
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the  Iridnevfl  and  the  Imig^  or,  inflf^l,  i^pt'Iy  siicli  ettido  conceji- 
tions  to  the  Mibtio  prooeSBM  of  living  prol upliwiii  onywliere  or 
in  any  form  ? 

It  18  sompwliitt  ri-ninrkal>lo  that  an  pxtrac-t  of  a  perfectly 
fro.4li  {HiiiuruAti  is  not  protpolytic ;  yet  thu  gland  yields  ouoli  tin 
i-\trn4't  whoii  it  tias  sIochI  eomv  lionrH  or  been  treated  with  n 
wenk  aciil.  Tlic^u  facts,  tugutbDr  vritti  tlio  niioroHcopic  appear- 
ancest,  8i]ggt;sl«Hl  that  tlifreis  formed  a  forerunner  to  tlieat;ttial 
fcrnii-nl — a  syrnoijcii,  or  mother-ferment,  which  at  the  moment 
of  iliHi-'hiirgu  of  the  complettxl  spcretimi  is  converted  into  the 
BL-tuai  fennenL  We  might,  therefore,  xpeak  of  n  pe[t»inogi>u, 
tyi)einogien,  etc.,  and,  though  then?  nmy  he  a  ci}i>«ati<in  in  1h« 
series  of  pi-ocesHe«,  and  no  doubt  tlioro  i.t  in  some  AiiinmlM.  this 
may  not  be  Hn^  rn.t>'  in  »|]  or  in  all  ghiiuU. 

Sccretiim  by  the  Stomach. — Tht*  gland»  of  the  slomoch  difFor 
in  Rtot^t  aulmals  in  the  cnrdiEu;  and  pylorio  regions.  In  thuse 
of  tho  formor  zone,  both  ceiitral.  columnar. and  ])arietal  (ovoid) 
cell*  aro  to  be  recognized.  It  was  thought  that  poeaibly  the 
lattur  wore  concerned  in  the  secretion  of  the  acid  of  the 
stomafh.  but  this  is  by  no  means  certain.  Possibly  thesie,  like 
the  demilune  cells  of  the  pancrca.s.  may  be  llie  progenitors  of 
the  central  (chief)  cellit.  The  latter  ct>rtaiiily  secrete  pepsin. 
and  probably  it1.4<i  rennet.  MnciLS  ii*  ttc^creteiil  by  the  celbi  lining 
the  ne>k  of  ghimU  iind  covering  th«  mucouf  membrane  inter- 
vonlng  between  Ihoir  mouths.  The  proiluction  of  hydrorbloric 
^•cid  by  any  act  of  secretion  is  not  believed  in  by  all  writers. 
>me  holding  that  it  is  derived  from  decomposition  of  sodium 
chloride,  possibly  by  lactic  acid.  So  simple  an  origin  is  not 
prtibable,  not  being  in  keejiing  with  what  we  know  of  chemical 
processes  within  the  animal  body. 

Self-IHgMtion  rf  the  Digeative  Organe,— It  has  been  fonnd,  both 
in  mi»ii  and  other  ummmal^.  iliiit  when  deiUh  follows  in  a 
hoftlthy  subject  while  gastric  digestion  is  in  active"  progress 
and  tho  body  is  kopt  warm,  a  part  of  the  stomach  itself  and 
often  adjacent  organs  are  fligested,  and  the  (luostlon  is  eon- 
stODtly  l>eing  raised.  Why  does  not  the  stomach  digest  itself 
daring  life  ?  Tu  this  it  has  been  answered  that  the  gastric 
jaico  is  constantly  being  neutralized  by  the  alkaline  blood; 
and.  again,  that  the  very  vitality  of  a  tisane  gives  it  the  nec*^'S- 
sary  resisting  powers,  a  view  contradicted  by  an  experiment 
which  is  conclusive.  If  the  legs  of  a  living  frog  be  allowed  to 
bang  against  the  inner  walls  of  the  f»tomaoh  of  a  mammal 
whsQ  gastric  digestion  is  going  on,  they  will  be  digested. 
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The  first  view  (tlit>  ulkaliaity  of  the  hlootl)  would  not  HufBce 
to  explain  wby  the  pancroaj^.  the  secretion  of  which  acts  best 
in  an  nikalino  niLulium.  should  not  be  dif^ted. 

It  seems  to  us  tUt-Te  is  a  ^ood  deal  of  mieconoeption  about 
the  facta  of  the  case.  Observation  on  St,  Slartiu  shows  that 
th(t  RWTetion  of  jKastric  juice  runs  parallel  with  tho  netni  of  it, 
iM  dept-rtdcat  on  the  introdtirtinn  of  fond,  it;*  quiinlity,  <]U»lity, 
otc  Xaw,  thun>  can  l>o  little  doubt  that,  if  tho  atouinch  were 
ahuudantly  buthod  when  empty  with  a  lnr)^<  quantity  of  its 
own  iicid  tivci-L-tiuu,  it  wuulil  sufTor  ti>  »oniu  exteut  ut  least. 
But  this  is  uuvor  the  clli^^ ;  the  jnicu  i»  curnud  off  and  mixed 
with  the  food.  This  fix)d  is  in  constunt  motiun  and  doubtless 
tho  inner  portions  of  the  cells,  which  may  be  re^rded  as  the 
diacharninK  resion,  while  Iho  outer  (next  the  blo(Hi  capillaries, 
tho  chief  manufacturing  region  of  the  digestive  ferment)  are 
frwiuently  renewed. 

Such  consideratinuB,  thouRh  they  seem  to  have  Ikhju  some- 
what left  out  of  tin-  case,  do  not  go  to  the  iMtlom  of  the 
matter.  Ama-ba  and  kindivil  orK'iuisins  do  not  digwt  them- 
selves. Some  helievu  tlint  tlit>  littk*  pulsHtitt*  vacuoles  of  the 
Infuitorians  are  a  sort  of  temporary  digestive  cavities. 

But.  to  one  who  sees  in  tho  light  of  evolution,  it  muat  be 
clour  that  a  structure  could  not  have  been  evolved  that  would 
bo  8(df-de»truetive. 

The  difhculty  here  is  that  which  lie«  at  the  very  basis  of  all 
life.  We  might  a.tk.  Why  do  living  thiiig.s  live,  siiico  they  aro 
constantly  threatened  with  destruction  from  within  as  from 
without  ?  Why  dn  not  the  liver.  ki<)iiey,  and  other  iflauds  that 
secrete  noxious  suliMtances.  poison  tlieniMulvea  ?  "We  can  not 
in  detail  explain  these  things;  but  we  witth  to  make  it  clear 
that  the  difiicully  ns  regnnls  tho  stomach  is  not  peculiar  to 
that  gland,  and  that  even  from  the  ordinary  i>oint  of  view  it 
has  been  exaggerated. 

CompMvtivo. — More  c^areful  examination  of  the  stomachs  of 
soUH-  nianimals  has  revealed)  the  fact  that  in  several  aaimikls, 
in  which  tht'  stomach  appears  to  be  simple,  it  is  in  reality 
com)iouiid.  There  are  different  grade.s  however,  which  may 
he  regarded  aa  transition  formn  between  the  true  simph) 
stomach  and  that  highly  compound  form  of  tho  organ  met 
with  in  the  ruminauts. 

It  has  been  shown  recently  that  thi<  stomach  of  the  hog  has 
on  ooBophageal  dilatation;  and  that  th»  entire  organ  may  he 
divided  into  several  zones  with  different  kinds  of  glaodulu 


mOBSTlOX  OP  POOD. 


»3l 


I 


rallvr  ChuiTMU).     .1,  iiti-  vti- .  A. 
riehl  Hc :  C  diHMlnn&l  ilUnrkiloD, 


Apithfilium,  etc.  These  {mrtionB  differ  in  tli^f^stivc  p(>wur,  in 
llic  oUnraclenstics  of  the  fluid  secretpd,  and  otln^r  ilvUtiU  be- 
yond thii9«  which  a  i>u[)er6cial  examination  of  tbj^  organ 
wuuhl  leiu)  one  to  suspect. 

Tho  xtomncli  of  the  horse  represents  a  more  aiWHUL-ud  form 
of  {MmiKiiind  stutnnrh  than  that  of  tho  hog,  which  is  not  evi- 
dent, hoWfviT,  tnilil  it.s  glnndulitr 
stracturu  in  cxnminvd  cI()u>ol>'.  Tliu 
entire  left  portion  of  the  sloniuch 
represents  an  it'soishngital  dilata- 
tion linod  with  au  opithcliuni  that 
tfloeely  reserablps  that  of  the  tesoph- 
im:us,  and  with  little  if  any  digest- 
ive function.  It  than  appeal's  that 
tht'  stomach  of  tin*  horse  is  in  reali- 
ty xmnllor,  as  »  truedigestivogland, 
than  it  sovms,  so  thiit  a  great  part 
of  thu  work  of  digestion  niiLSt  lie 
■  ilonu  in  tlio  intestinu;  though  in 
this  animal,  if  the  fuoil  bu  ri'tained 
long  as  it  U  in  tlit<  hog,  which  is 
not,  however,  the  general  opinion  as  regards  tht-  ittomuL-h  of  the 
horse,  salivary  digestion  may  <-ontinuu  for  a  considerable  period 
after  the  food  has  left  the  mouth.  The  secretion  of  mucus  by 
the  stomach  in  herbivora  is  abundant. 

rA«  with  other  parts  of  the  body,  ao  in  the  alimentary  tract, 
tho  ^ower  kind  of  movement  is  carried  out  by  plain  muscn- 
[ar  fibers :  and  the  niovetnetits,  as  a  whidn,  belong  to  the  class 
I  known  as  (R-riNtaliic :  in  fact,  it  is  only  at  the  Ix-ginning  of  the 
digestive  tract  that  voluntary  (stripod)  must-lo  is  to  bo  found 
and  to  a  limited  extent  in  the  part  next  to  thiti— i, «.,  in  the 
(Bsophagus. 
Teeth  in  the  highly  orgauixed  mammal  are  remarkable  in 
Iwing  to  the  least  degree  living  structures  of  any  in  the  entire 
luimat,  thus  being  in  marked  contrast  to  other  organs.  The 
enamel  covering  their  exposed  surfar&s  is  the  hardest  of  all  the 
tissues  and  is  neces-tarily  of  low  vitality.  We  have  alreatly 
alluded  to  the  difference  in  the  teeth  of  dilTorcut  animals,  and 
their  relation  to  customary  food  and  digestive  functions.  In 
tMt.  it  is  clear  that  tho  t«eth  and  all  the  pai-ts  of  thu  digetitivo 
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systpra  aro  correlBtt-d  to  onp  another.  The  conipouml  atonmc-h 
of  the  ruminikiits.  with  its  slow  dij^eslion  of  a  bulky  mass  uf 
food,  whk'h  must  l>e  softened  ami  thorrniRhly  masticatfJ  Ix- 
fore  the  digestive  juices  can  attack  it  succcitsfully,  harnjunizt-s 
witJi  the  powerful  jaws,  strong  niuaclfli*  of  niastk-atiun.  and 
grindiiiE;  teeth;  and  all  thes«*  in  marked  oimtrast  with  the 
ttH'tli  uf  It  i-arnivoruiis  imiiuitl  willi  its  ^inijik^  but  highly  oiTect- 
ivo  Htomoch.    Compare  Rgunis  in  ourliur  pogos. 

Mastication  in  man  is  of  that  intiirmcdiato  clinractor  bolit- 
ting  an  omnivorous  animal.  The  jaws  havi»  a  hiteral  and 
forwanl-and-backward  movement,  as  well  us  a  vertii-al  one, 
though  the  latter  is  predominant.  The  tipper  jaw  is  liko  a 
fixed  millBtone,  against  which  the  lower  jaw  works  aa  a  nether 
milliitoni-.  Tlio  elevation  of  the  jaw  is  effected  hy  the  mas- 
wter,  tt^'mporal,  and  internal  pterygoid  muscleii:  depressed  by 
the  mylohyoid  and  geniohyoid,  though  principally  by  the  di- 
gastric The  jaw  is  advanced  by  lliii  ('jclfnia!  pterygoids; 
unilateral  contraction  of  tlutse  musclcj*  also  jnvducits  lateral 
movement  of  the  inferior  maxilla,  which  in  rotractod  by  the 
more  horizontal  fibers  of  tlio  tomporal. 

The  i-heeka  and  longua  likewise  take  part  in  preparing  the 
food  for  the  work  of  the  stomach,  nor  must  the  lips  be  over- 
looktil  even  in  man.  The  importance  of  these  part*  is  well 
illu«trnlt?d  by  the  imperfect  mastication,  etc,  when  there  is 
paralysis  of  the  mii.scles  of  which  they  are  formed.  Kven  when 
there  is  loss  of  sensation  only,  the  work  of  the  mouth  is  done 
in  a  clumpy  vay,  showing  the  iin])orlanoe  of  common  sensation, 
as  wi'l!  iifj  tin-  ruitscnlar  sense. 

Hervoui  Supply.— Tlit?  muscles  of  the  tongU(<  are  govornod  by 
the  hypo^^lns.Mil  nerve;  the  other  muscles  of  mastication  chiefly 
by  the  liftL,  Tlie  afferent  nerves  aro  branches  of  the  fifth  and 
glosso'jihnryngeal.  It  is,  of  courso,  ini{>urtunt  that  the  food 
should  be  rolU'd  about  and  thoroughly  mixed  with  saliva  (in- 
aalivationl. 

Seglatltion. — The  transportation  of  the  food  from  the  mouth 
to  the  stomach  involves  a  series  of  co-ordinated  muscular  acts 
of  u  complicatefl  character,  by  which  difliculties  are  overcome 
with  marvelous  success. 

It  will  be  remembered  that  the  respiratory  and  <ligcstivo 
tracts  aro  both  developed  from  a  common  .simple  tube — a  fact 
which  makes  the  close  anatomical  relation  between  the^  two 
physiologically  distinct  systems  intelligible ;  but  it  also  involves 
diliiculties  and  dangers.    It  is  well  known  that  a  small  ciuantity 
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or  frxxl  or  flrink  enlciinjf  Mm  wiixlpipe  pro(liices  a  perfect 
jrm  uf  vxciU'uieul  in  tho  respimtory  sj'iitum.  The  food,  there- 


I 

I 

I 


7n.  ttl--'Oi*il>^  "I  mriiitli  ami  . 
tttoc  Mid  •uptTiur  i>iirtlnn  nr  mi' 


J ,  1,  V1-IMIU  |x-iiuiii>i«ji  [ukluti :  i,  ikQii-ititr  pi 


iwtHil  inniinw  III!'  mouUi  Id  IM  retuioo*  lo  the  luunl 
xliliil  ulniisra:  S.  <oti-nul  orlDoe  of  XinUf lii*n  IuIh>: 


o/ut  Ruppiijri.  atjaBa,  Id  Dudlan  Unp.  nf 
ulinw  III!'  mouUi  Id  IM  retuioo*  lo  ttm  luunl 
iisM :  s.  <oti-nul  oriaoe  of  Xinuf liUn  iuIh>  : 


Mfttani 0( hxojil  bone:  U,  larjiiKval  purtloii  tjti;avllj'  ol  I'luiryuz  :  U,  mKjr  of  t&rjiax. 

forv,  wLvn  it  rcachcis  tho  re»ophAgii!<.  niiit^t  bo  kept,  uii  thL>  one 
hand,  from  onturiiig  tho  nastil,  aii<l.  on  tho  other,  the  Im-yiiKenI 
uiM.'iun|{!>.  Tliis  is  noconiplishecj  iis  follows:  WLl-u  the  food  has 
beeu  gathvri'd  into  a  bolUH  on  the  buck  of  tht-  lonyue.  the  tijt  of 
this  organ  i»  prviss&l  sguinst  ttie  Iiard  ]ialate,  by  which  the 
niaos  is  pn'venled  from  piissin^  forward,  and.  at  the  same  time, 
force*)  liach  into  the  jiharynx,  the  soft  palate  l>ein}{  raised  and 
tb«  edges  of  the  pillars  of  the  fauces  tnado  to  appr()«oh  the 
uvulii.  which  fills  up  tho  gap  remaining,  so  that  th«  ]»osterior 
iian-^  nrv  cl<«^o<l  and  mi  im-Iini-^)  plnnc  providdl,  over  which 
Ihu  morsel  gtid<^».  Tho  uft^tr-re^nlt  is  suid  to  dupi^md  on  tho 
sizu  of  the  bolus.     Wbtni  cousidurnblu,  th<j  constrictom  of  ttio 
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plinrynx  wizp  it  ami  pross  it  on  into  the  ijiillpt;  when  thi>  mor- 
si'l  13  small  or  licjui'l  is  swalloivud,  il  is  rn]>i(I)y  propelled  on- 
ward by  the  tongue,  the  a-sophajjns  and  pharytix  being  largely 
passive  at  the  time,  though  contrafting  slowly  afterward ;  at 
thti  Ktine  time  the  larynx  as  a  whcilo  i.4  niided,  the  epigloitin 
proset^il  ilown,  chiefly  by  the  meeting  of  the  loiigiie  and  iiavlt, 
whilu  ilji  cushion  lies  over  the  riina  ijtoUidis,  which  is  cIom>i1  or 
all  hut  cIohlmI  by  thu  action  of  thi^  splniK-tcr  muscles  of  tbo 
laryiix,  so  that  Ihe  fooil  ]KU««e«>  over  and  hy  this  nvenuo  of  lifo, 
not  only  cloged  but  coverud  hy  the  glottic  lid.  The  latter  is 
not  so  essential  as  might  bo  xupiKtsed,  for  persona  in  whom  it 
was  nhsi'nl  have  been  known  to  swallnw  fairly  well.  The 
luicciit  of  Ihe  larynx  any  one  may  feel  for  hinisclt;  and  llio  be- 
httvior  of  thf  pharynx  and  larynx,  e-speeially  the  latter,  may 
be  viewwl  by  the  larynnnsrope.  The  grip  of  thi-  pharyngMiI 
muscles  and  the  atsophiigiis  may  W  made  clear  by  attaching  a 
piece  of  food  (mcnt)  to  n  string  and  allowing  it  to  be  partially 
swallowed. 

The  upward  niovomont  of  food  under  the  a<;tiou  of  the  con- 
strictors of  the  pharynx  is  anlicipated  hy  the  closure  of  the 
])assage  by  the  palato-glosisi  of  the  anteriwr  pillars  of  the  fauces. 

The  circular  muscular  fibers  of  the  gullet  are  probably  tlie 
most  important  in  srpieezing  on  the  food  by  n  peristaltic  move- 
ment, pas.sing  progressively  over  the  wlnde  tube,  though  the 
longitudinal  also  lake  part  in  owallowing,  perhaps,  hy  stviidy- 
ing  the  organ. 

Swallowing  will  take  place  fn  an  animal  so  long  as  the 
medulla  oblongata  FL-mains  intact;  and  the  center  seems  to  lie 
higher  than  that  for  respiration,  as  the  latter  act  is  posAihlo 
when,  fi-om  slicing  away  the  medulla,  the  former  is  not.  A«- 
encephalouH  monsters  lacking  Ihe  cerebrum  can  swallow,  suck, 
and  breatliv. 

Food  placed  in  Ihe  pharynx  of  animals  when  unconscious 
is  swftUowoil.  proving  that  volition  is  not  essential  to  the  act; 
but  our  own  consciousness  declares  that  the  first  stage,  or  the 
removal  of  the  food  from  the  mouth  to  tho  pharynx,  is  volun- 
tary. 

When  we  seem  to  swallow  voluntarily  there  is  in  reality  a 
stimulus  applied  t«  the  fauces,  in  the  absence  of  food  and  drink, 
either  by  the  back  of  llie  tongue  or  hy  a  little  saliva. 

It  thus  appears  that  deglutition  is  an  act  in  the  main  reflex, 
thouRh  initiated  by  volition.  The  afferent  nerves  concerned 
are  usually  the  glossi>>phar\'ngeal,  some  branches  of  the  fifth. 
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an<l  of  llio  vneru!!.  T)io  pfTiTont  nvrvM  ore  tliMO  of  the  numer- 
«U8  miujclea  conwmed. 

Wlieu  food  has  reachocl  the  gullet,  it  in,  of  course,  no  longer 
umler  the  control  of  the  will. 

Section  of  the  vp.gns  or  Ktimulntion  of  this  nerve  modttiett 
til©  action  of  the  (psophai^us,  though  it  is  known  thii(.  rontrac- 
tioiiR  may  1*  excitrii  in  tho  excised  organ  ;  but  no  duultt  nor- 
mally tin*  movi'mouts  of  tho  gullH  hiisl'  in  rosponw  to  natural 
niTVi-  yliniiilHtioii. 

Oompantivt. — That  swallowing  i»  indupt-ndont  of  gravity  is 
«vidwit  from  the  fact  that  long-nfcked  animals  {horse,  girafft?) 
can  and  do  usually  swallow  with  the  head  and  neck  dnwn.so 
that  the  Buid  is  rolled  up  an  inclined  plane.  The  peri^tivltio 
nature  of  the  contractions  of  the  gullet  can  a]t*o  bo  well  »tivn 
in  eu'di  nninialit.  In  thi'  frog  the  gulU-t,  as  well  n8  the  month, 
18  lined  with  ciliatHl  opitholiuin.  »o  Hint  in  ii  reiviitly  killutl 
animal  one  may  watch  aelit-vof  moistened  cork  diimppenr  from 
tho  mouth,  to  be  fotuid  shortly  uffLTw-ard  in  tho  stomach.  The 
nit«  of  the  dcsMSt'nt  is  surprising — in  fact,  the  movement  is 
plainly  visibk*  to  thu  unaided  eye. 

The  Koreneati  «f  the  StamMh.— The  sU.mach  of  mammals, 
including  man,  is  provided  with  three  layersof  muscular  fibers: 
1.  External  longitudinal,  a  crintinuatiouof  those  i>f  the  tesopha- 
gns.    2.  Middle  circular.    3,  Internal  oblitjne.    The  latter  are 
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tho  least  porfect.  viewed  as  «n  Invc^thi^  porI.  Tho  pyloric  oiul 
of  till-  )itoiiiiK-li  ist  best  supplifl  with  iiuisi.'K?rt ;  wliore  a\s^y  therv 
U  H  thick  inu^-iilAr  ring  or  t(phiiu-U>iv  in*  comjiantl  witli  which 
tli«  cardiac  sphiuctur  is  wvak  uu'd  ill-dt'voloped. 

The  movt'mt--jil.s  uf  the  Htomnch  begin  shortly  aftor  a  meal 
has  been  taken,  and,  as  shown  by  obsfrvatious  un  St,  Martin, 
continue  for  hiiurs,  not  constantly,  but  periodically.  The  effect 
of  the  conjoint  action  of  the  different  Bets  of  muscular  fibers  is 
to  move  the  food  from  the  cardiac  toward  the  pyloric  end  of 
the  nt<imac}i,Hlon]{  the  jtreater  curvature  and  back  by  the  lesser 
curvature,  while  there  is  hIho,  pmbably,  a  i^erieo  of  in-and-out 
curroutJt  to  and  from  the  renter  of  the  food-miutit.  The  i|umitily 
of  food  is  constantly  beiug  lesseiieil  by  the  rvmovnl  <if  digintiKl 
(xirtious,  either  by  thu  blood- vohscIs  of  the  organ  or  by  its 
pOiiDiDg  through  the  pyloric  sphinct^^r.  The  i<mpty  stomach  is 
quiescent  and  contracted,  iti  mucous  membrane  being  thrown 
into  folds. 

The  inovementa  of  the  stomach  may  be  regarded  as  reflex, 
the  presence  of  fond  being  alt  exciting  cause,  thougli  probably 
not  the  only  one :  mid  hi>  largely  auConmtic  is  t]ie  central  niech- 
itiii)!iin  coiicenied,  that  but  a  fKible  stimulus  suffices  tu  uvuso 
Ihem,  especially  at  the  occustonicil  time. 

Of  the  paths  of  the  im)>ul»«,  either  afferent  or  efferent, 
little  is  known.  Cert*iin  effects  follow  section  or  stimulation  of 
the  vagi  or  spliinchnics,  but  these  can  not  be  pn-dicted  with 
certainty,  or  the  exact  relation  of  events  indicated. 

It  is  said  thiit  the  movements  of  the  stomach  cease,  even 
when  il  is  full,  during  sleep,  from  which  it  is  argued  that  gas- 
Iric  movements  do  normally  depend  on  the  influence  of  tho 
nervous  system.  However,  the  subject  is  too  obscure  at  pres- 
ent for  fiirther  disiussion. 

ComparatiTe.~I{<^'i'ut  investigations  on  the  stomach  of  the 
pig  indicate  that  in  thit<  animal  the  contents  of  the  two  ends  of 
tile  stomiich  may  long  remain  but  little  mingled;  and  such  is 
certainly  the  case  in  this  organ  among  rumiuftnlj'. 

PathologloaL—Distcntiou  of  the  stomach,  either  from  excess 
of  fiMjd  or  gas  arising  from  formentutivu  chitngL^,  or  by  secri- 
tion  from  the  blood,  may  cause,  by  upward  pressure  on  the 
diaphragm,  etc.,  uneasiness  from  hampered  respiration,  and  ir- 
regularity of  the  heart,  [Kjesibly,  also,  in  part  traceable  to  the 
physical  interference  with  its  movement*.  After  great  and 
proh>nKeil  distention  there  may  be  weakened  digestion  for  a 
considerable  interval.     It  seems  not  improbable  that  tliia  is  to 
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f^xptniiii-'l,  not  »loiit(  by  Mw  itiifiairtMl  olostEcity  (vitality)  of 
tliH  iiiiiM'^ular  tissue,  but  til!«>  by  ik'fi-rtivo  8ccrutiiij{  power.  It 
is  not  necessary  tt(  iiii[>rfi«8  the  lesson  «ncli  fnft»  convoy. 

The  iBtMtiiul  HoTenunU.— Tbe  ein:riil»r  tiburtt  play  n  much 
murv  iin|iortiinl  [iiirt  tliitii  tlielonf^iliiiHnul.beini^,  in  fact,  much 
m<irt*  developfJ.  It  ia  iilso  to  be  rt-meiiiberml  that  nerves  in 
the  form  of  plexiuma  (of  Auerbuch  auil  Mmssner)  abound  in  its 
walls. 

Normally  the  movement,  slowly  progressive,  with  Deeasional 
halting^,  is  from  above  downward,  stopping  at  the  ilei>-c.H*caJ 
va]vf> ;  the  movements  of  the  large  gut  being  apparently  raoittly 
iudependent. 

Movements  may  be  px(nt<*<l  by  external  oi-  internal  .stimtiln- 
liou,  and  may  be  rfgnnl<>d  oa  reilex;  in  which,  however,  the 
tendency  for  the  central  eelln  to  di.scharge  thenisolves  i^  so 
grent  (automatic)  that  only  »  feeble  stimulii-s  in  recjuireil,  the 
uonnal  one  iK'ing  the  presence  of  food. 

It  is  noticuablo  in  ii  recently  killed  animal,  or  in  one  in  the 
last  singes  of  asphyxia,  that  the  intostinu»  contract  vigorously. 
WbethiT  (his  irt  due  to  the  iK.-1iiin  of  blood  ovoreliarged  with 
CHfbonic  uuhydride  anil  ilelicient  in  oxygen  on  the  eentiTS  pre- 
siding over  tho  movements,  on  the  nerves  in  the  intestinal 
walU,  op  on  the  rausele-cells  directly,  is  not  wholly  clear,  but  it 
is  probable  that  all  of  these  may  enter  into  the  result.  The 
vagiis  nen'e,  when  stimulated,  gives  rise  tn  movements  of  the 
intf^tiries,  while  the  .Hplancbnic  seem.'*  to  have  the  rever.-te  effect ; 
but  the  corubruni  itself  hun  an  iutUience  over  the  movements  of 
tb«  gut,  lui  is  plain  from  the  diurrhira  Imvoable  to  unusual 
tear  or  anxiety.  There  is  little  to  add  in  ix-gard  to  the  move- 
ment of  the  large  inteatino.  They  are.  no  doubt,  of  conaider- 
able  imiwrtance  in  uniiuaU  in  which  it  is  extensive.  Normally 
tbey  Iii'Hin  at  the  ileitiupcal  valve. 

Defecation. — The  removal  of  the  waste  matter  from  the  ali- 
mentary iract  is  a  complicateil  piTH-es-s,  in  which  both  smooth 
ami  ^'triiM'd  mu.'u'le.  the  spinal  coiil.iuid  the  lirain  Ukke  part. 

Defocation  may  take  pitu-o  during  the  uiicorusriimsness  of 
nloep  or  of  diswise.  ami  so  be  wholly  independent  of  the  will ; 
but.  as  we  well  know,  this  is  not  usually  the  case.  Ag^iinst  ac- 
cidental discharge  of  fjeet^  there  is  a  provision  in  the  sphinc- 
ter ani,  the  tone  of  which  is  lost  when  the  lower  part  of  the 
q>in»l  cord  ia  destroyed.  We  are  conscious  of  being  able,  by  an 
efftiri  of  will,  to  prevent  the  relaxation  of  the  sphincter  or  to 
incn}<Ui«.>  its  holding  power,  though  the  latter  is  probably  almost 
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vho]ly  due  to  the  action  of  extrinsic  musclM ;  at  all  events  any 
one  may  convince  himaelf  that  the  latter  may  he  made  to  take 
n  great  part  in  preventins  fiecal  discharge,  though  whether  the 
tone  of  the  sphincter  can  l>e  in<Tenfled  oi*  not  by  volition  it  is 
difllcult  to  say. 

What  happens  cinring  an  ordinary  act  of  defi-ralion  is  nt>out 
Hs  follows:  After  a  long  inspiration  t.]i«  glottis  is  dosed;  the 
ditiphrngm,  which  has  dcsc^-ndi-d.  romiiini^  low,  utYoriling.  with 
thf  obstructed  hiryngoal  uutk't.  ii  tirm  basis  of  support  for  the 
action  of  Ihi'  ulxloniinitl  inuHcltw,  which,  beariuj;  un  the  iutes- 
tine.  forces  on  their  contents,  which,  before  the  act  has  been 
called  for,  have  been  lodged  mostly  in  the  large  intestine ;  at 
the  same  time  the  fii>hincter  ani  is  relaxed  and  peristaltic  move- 
ments a(;company  and  iu  some  instances  precede  the  action  of 
the  aMominal  muscles.  The  latter  may  contra<"t  vigorously  on 
K  full  gut  without  snccess  in  the  absence  of  tlie  intestinal  {wri- 
Malsis,  lis  ton  many  cases  of  obstinate  cou.sti pntion  bear  wittie!<9«. 

Like  deglutition,  and  unlike  vomiting,  there  \»  UHually  both 
a  voluntary  and  involuntary  part  to  the  act. 

Though  the  will,  through  tlio  cembrum.  can  inhibit  defeca- 
tion, it  if!^  likely  that  it  d'K^s  w  through  the  iuHuoneu  of  the 
cerebrum  on  ^ome  center  in  the  cord  ;  for  in  a  dog,  tho  lumbar 
cord  of  which  ha^  been  <livided  from  tho  dorsal,  the  act  is,  like 
micturition,  erection  of  tho  penis,  and  othei-s  which  are  under  the 
control  of  the  will,  still  possible,  tliougb,  of  course,  performed 
entirely  unconBciously, 

Tomiting. — If  we  consult  our  own  consciousness  and  ob-serve 
to  the  l>est  of  our  ability,  supplementing  information  thu.-' 
gained  by  observations  on  others  and  on  the  lower  animals,  it 
will  liecome  appai-ent  that  vomiting  implies  a  serios  of  co-ordi* 
Tuite<l  movements.  ii>to  which  volition  doi^a  not  enter  either 
necessarily  or  habitually.  There  is  ui^uully  a  preceding  nausea, 
with  a  temporary  flow  of  saliva  to  excess.  The  act  is  initiated 
by  a  deep  iuspirntiou,  followe<l  by  closure  of  the  glottis. 
Whether  the  glottis  is  closed  during  or  prior  to  the  entrance 
of  air  is  a  matter  of  ilisagreement.  At  all  events,  the  dia- 
phragm fiescends  and  remains  Bxed,  the  lower  ribs  being  re- 
traetol.  The  alidominal  muscles  then  acting  against  this  sup- 
port, force  out  the  contents  of  the  stomach,  in  which  they  are 
aesistixl  by  thu  i-«iscntiul  relaxation  of  the  canliac  sphincter. the 
shortening  of  tho  u>Hophagus  by  it«  longitudinal  fibers,  ami  the 
extension  and  straightening  of  t1i«  nock,  together  with  ttie  open- 
ing of  the  mouth. 
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As  tlic  oxpul^ix-i'  cffurt  tjikos  pliu-4^',  it  in  nccompanied  hy  an 
fipiratory  net  which  tcntla  to  koup  tho  ugLiHta  out  of  the  latynx 
and  carry  them  onward,  though  it  may  also  contribute  to  over- 
come the  reaifftanoe  of  the  elevated  soft  palate,  whirli  ser\-»-s  to 
protect  the  nadal  passageii.  The  stomach  aii<l  tBHophiijc^iR  iiro 
not  vrholly  pHssive,  though  their  part  is  not  so  important  in 
tile  luhiH  as  might  )>i-  inrorrcd  from  obnerving  viimitiug  in 
infants,  thu  pvriKtalsis  of  those  organs  appart'iitly  HUtTicliig  in 
thorn  to  I'mpty  the  stomach. 

Retching  may  he  very  violent  and  yet  ineffectual  when  the 
i*ardisc  sphincter  is  not  fully  relaxed.  The  pyloric  outlet  i« 
osnalty  closed,  though  in  severe  and  long-contimied  vomiting 
bile  is  often  ej«vt«(l,  which  must  have  reached  the  stomach 
through  the  pyloruit. 

ComparatiTe.— Tlic  wise  witli  which  some  animitk  vomit  in 
(.■oiiijfiiri.^'.'ii  with  others  is  extraordinary,  as  iu  carnivora  like 
our  dogs  and  cats :  a  matter  of  importance  to  an  animal  ac- 
customed in  the  wild  slate  to  eat  entire  carcfutees  of  animals — 
hair.  )>oni'«,  etc..  included. 

The  rewUnesH  with  which  an  animal  vomits  depends  in  great 
part  on  the  conformation  and  relations  of  the  jjarts  of  it.f  digest- 
ive tract. 

The  horse  vomits  with  difficulty — its  stomach  and  its  car- 
diac o^tening  being  small  and  jieouliar  in  idiape  (l-lgs.  2GI  and 
?»()).  while  it«  (psopliagus  is  long.  The  stomach  of  the  human 
boing  during  infnutilc  life  iii  li-Htt  pouclied  than  in  th<>  ndult. 
which  in  ptirt  explains  the  ease  with  which  infants  vomits 

But  the  matter  is  complex;  much  depend*  on  the  proper 
co-ordinations  being  mmie,  and,  this  being  well  or  ill  accom- 
plisht'd,  aci'ouiits  for  the  variations  in  the  ease  with  which  dif- 
ferent persons  vomit, 

PatbfllogioaL— Vomiting  may  arise  from  the  presence  of  renal 
or  biliar>-  calculi  (rnflex  action) ;  from  disease  of  the  cerebrum 
IT  the  raeilulla:  from  obstruction  in  the  pyloric  region  or  in 
llie  intestines:  from  emotions;  from  revived  unpleasant  men- 
tal lutsocintions ;  from  nausenus  tastes,  etc.  It  may  be  qaea- 
tionnble  vhether  some  of  tlu^se  are  proi>erly  termed  "  patho- 
logical." 

Pyrosis  is  (lu«  to  the  anti-iH>ristjilt  ic  action  of  the  stomach 
and  cpsophugus  alone,  so  that  it  is  a  sort  of  partial  vomiting 
and  allied  to  the  regurgitation  of  special  secretions,  as  from  the 
crops  of  pigeons,  or  of  food  from  the  at<jmach8  of  ruminaut*. 
Wo  Fiavo  known  cases  in  which  anti-peristalsis  was  confined  to 
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Iht  pharynx  alono.  Sumo  portions  mi-iii  tu  hnvo  ncquirod  the 
power  of  ruguri^tiitiug  fuml  Biid  iniuitiL-aliiiK  it  afrrali. 

The  exceasive  vomiting  follonring  obstruction  of  the  bnweU 
ia  onmparahle  to  the  unusual  action  of  the  heart,  ureter,  blad- 
der, etj?.,  when  there  is  hindrance  to  the  outflow.  As  we  have 
already  explained  for  the  heart,  we  reRard  this  aa  the  re«ump- 
tiuii  of  n  (Miwer  of  iiidejiendent  action  seen  in  ance^ral  forms 
and  murked  when  the  nervoun  Ry!4t<*m  is  no  lon^r  exercising 
its  usual  control  and  diri-ction.  Nut  that  thiH  or  similar  lie- 
haviur  niuy  not  vtMult  from  I'xci^vo  i«titnulution,  K-mliug  to 
unusual  central  nervous  disL-hurgu,  h»t  it  certainly  docs  liuppi-» 
independently  of  thu  nervous  sysl«mi.  and  may  bu  witnmsod  in 
the  hearts  of  cold-blooded  unimuls  when  alt  their  uervos  are 
divided. 

Similarly,  the  habit  of  re^rfntating  the  fon4]  in  intetHioriblfl 
in  the  light  nf  <>voUition.  The  fact  that  nmmniaU are  de.'«ci-nded 
fivtui  lower  fnrms  in  which  unntriped  inui«c1e-('clls  go  to  form 
organs  that  have  a  rhythmically  contractile  function,  i-enders 
it  clear  why  this  function  may  l>econie.  a^  in  ruminants,  spe- 
cialized in  certain  part«  of  the  digortivt-  tract ;  why  carnivom 
should  vomit  readily,  and  why  human  subjects  should  httm  to 
r«^rgitate  food.  There  is,  so  to  speak,  a  latent  inherited  ca- 
pacity which  may  be  devt-loi>t-d  into  actual  function.  Apart 
from  this  it  is  difficult  to  umlerstaml  wuch  cases  at  all. 

The  vomiting  center  is  usually  located  in  the  mednlln.  and 
in  reprcwcntcfl  aR  working  in  concert  with  the  n-siiiratory  center. 
But  when  we  consider  that  tlierti  is  uitually  an  inci-e«:«^-d  flow 
of  saliva  and  other  phenomena  involving  additionnl  central 
nervous  influence,  we  «et<  n.'«80n  to  believe  in  co-ordinated 
action  implying  the  use  of  parts  of  the  central  nervous  system 
not  8o  closely  connected  anatomically  as  the  i-eapiratory  and 
vomiting  centers  are  assume<l  to  Ih'. 

Indeed,  as  we  before  indicated,  it  does  not  seem  proliable 
that  the  doi-trine  of  centers  in  its  present  form,  eapwinlly  with 
such  precise  limitntiont^,  both  niuitomicnlly  and  physiologii'ally, 
will  continue  to  be  maintained.  Wo  seem  to  have  been  over- 
looking the  connection  of  parts  while  occupied  with  defining 
their  limits.  It  is  not,  however,  yet  possible  t^  .'tulistituto 
other  explanations  that  shall  be  wholly  satisfm^tory ;  niid  we 
make  these  remarks  to  keep  the  student  expectant  of  ]>rogres8, 
for,  as  a  distinguished  exponent  of  science  hns  said,  "  Whwi 
Science  adopts  a  [rigid]  cree<l,  she  commits  suicide," 

Wo  do  not  know  the  part  taken,  if  any.  by  the  splanchnic 
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n  utlicr  niTvc8  of  the  sympathetic  systam :  hut,  rr<>m  th«  fuct 
timt  di»icli»i-g(;  of  lli«  giu<tric  oontento  is  ini[)u»sibl<-  wlieii  ilu- 
vHfci  arts  cut,  it  is  likvly  tluit  tlio  uffurvnt  iuipulM-if,  dutLTuiiniDg 
thu  relaxation  of  thi.'  cardiac  »pliiiK;t(!r,ilo»uuiKl  by  tlii'w norveit, 
whilp  the  i-'hottia  tynipiini  is  conuuruud,  of  tioursn.  in  the  secre- 
tion of  oaliva.  But  it  will  be  clear,  from  the  facts  of  th<*  case, 
thai  iiioiiy  iicrvp*.  both  aiforeiit  ami  efferent,  aro  coticernod ; 
iukI  it  18  tiion*  than  likely  tlmt  our  explanatiotit<  nf  the  vntiR'' 
jiri>f<-sN  HP'  'iiiitv  iiiiMiw)iiati;  to  unravftl  its  real  c'i'iii[ilfxity. 
Therapeatie*. — Thv  ^-vidi-nct-  fmai  the  uso  of  ilnijjs  Mui<ms  to 
iphnsfiM*  the  last  stAtcmoiit.  At  all  ovcntit,  t'Riotics  act  in  a 
/uriuty  of  wuyii,  uud  dilfcrently  in  (litTvrout  unimulti. 


I 


The  Reuovai.  up-  Diokstkd  Products  fkom  thk  Aliuext- 

ARY  Canal. 

The  KlaniU  of  the  stomacb  aro  tiiniply  secretive,  and  all  ab. 
sorpiiou  from  this  organ  is  «ithur  hy  blood-vesseUj  directly  or 
by  lymphatics;  at  least,  such  is  the  ordinary  view  of  the  sub- 
jwt — whether  it  is  not  too  narrow  a  one  remains  to  be  seou, 

It  is  important  to  remember  that  the  intestinal  mucous 
mvmbnuie  is  supplioti  not  only  with  secreting  glands  but  lym- 
phutic  tissue,  in  the  form  nf  tin*  solitary  and  agniiimted  glnnihi 
(Peyer's  putchutt)  and  thickly  sluildod  with  villi,  giving  the 
small  gut  that  velvety  appearance  apijrticiablo  oven  hy  the 
nuked  eye. 

It  will  not  be  forgotten  that  the  capillaries  of  the  digestive 
organs  terminate  in  the  veins  of  the  portal  system,  and  that  the 
blood  from  these  part.i  is  conduct«il  through  the  liver  before  it 
reaches  the  general  circulatiun. 

Th«  lymphatics  of  thcsL-  urgiuis  form  a  part  of  the  general 
lymphnlic  !«y.-'tvni  of  thu  body ;  but  tlit;  peculiar  way  in  which 
absor^ttion  is  etTcctod  by  villi,  and  the  fact  that  the  lympliatlcs 
of  the  intt'wtine,  etc..  at  one  time  {fasting)  contain  ordinary 
lymph  and  at  another  (aft^-r  nieaU)  the  products  of  dig<»!tiou, 
imparls  to  them  a  physiological  character  of  their  own. 

Absorption  will  be  the  better  understood  if  we  treat  now  of 
lymjdi  and  chylo  and  the  lymph  viu-u-uliir system,  wliiili  weru 
purposely  postponed  till  thu  pre»i<nt;  though  its  coniM3ction 
with  the  vascular  systi^in  is  as  close  and  important  us  with 
the  digeetiv«  organs. 

The  lymphatic  system,  aa  a  whole,  more  closely  resembles 
the  venous  than  the  arterial  vessela.    Wo  may  sjiuak  of  lym- 
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Microscopic  exHtuitititioii  ttliowfi  tlie  oliylo  to  ouutain  (whtiiH 
coAf^Utod)  fibrin,  irntuy  kiUi:i>cyUt»,  n  few  <lovelopiii]|;  re<l  uur-j 
puscles,  nn  ttbunilance  of  fat  in  tliu  furtu  both  of  vei-y  minutej 
oil-globulus  and  particles  anmller  Htill. 
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ML  iwD  boun  after  barluK  brna  fad  niUi  lalrMini'  nt  nn  piivuted  ■.■rlnilual,  oim 

awllBd  butler  iFunlia)  bour  atlFr  <J«th  imnk»). 

There  are  also  present  fatty  acids,  8uii|»t  uinall  in  quantity 
as  compared  with  the  nentral  fats,  nifto  s  little  cholesterin  and 
lecithin.  But  chyle  varie-t  very 
widely  even  in  the  wtmis  animal 
atdilTcrent  times.  To  thu  abovu 
must  im  aildod  prutoids  (tihria, 
M<runi •albumin,  and  gluhulin); 
oxtruciiv(>s  (tmgar,  urea,  leu- 
cio) :  and  iwlts  in  which  undium 
chloride  is  abundant. 

The  composition  of  lymph  is 
so  similar  to  that  of  chyle,  and 
both  to  blood,  that  lympli 
miKht,  with  n  fair  dcgi-uu  of  ac- 
curacy,  be  n^ff"'"'''''!  f^  blood 
without  iti*  ri-d  corpuscles,  and 
chyle  58  lymph  with  much  neu- 
tral fat  in  a  very  fine  state  of 
divitiion. 

The  HoTtments  of  the  Lymph — oompantin.— la  sonic  tishcK, 
flomc  birds,  and  ampliitiians,  there  are  lymph  hearts, 

in  the  fr«)g  there  arc  two  oj-iV/arj/  and  two  sacral  lymph 
hearts.  Tlie  latter  aiv.  especially,  easily  seen,  and  there  is  no 
doubt  that  they  aro  under  the  control  of  the  nerroun  system. 


Pin.  J*?.— ni)lo   takpii   from    ih«   lacplral* 

ami  (t;iimi:li:  dtiot  <vr   a  tTliiiLlial  rxiv 
quitMl  iliirinKiU(C"*linii  ct'Xiiiki"^.    Show* 

of  laxxy  (Tirtuljilon 
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In  the  nmninmlH  no  ituch  hih-ciaI  holpe  f»r  tlib  iiropiiltiion  of 
lymph  exist. 

There  ia  little  iloiiht  thwt  the  hlood  -  pressure-  is  always 
higher  than  the  Iynipli>pru8itun.%  oiiil  when  the  hhiotl-vefHelti 


fiD   M.-ThotBPTf  dUFt  (MBKWipili,     1.  ilii'r.i.'lc'  iluvi :  u,  ^i-oi   t':-i|iliaUc  duct ;  1.  mvp- 
lAQulmri  clijrll  i  <•  cum  of  Ihomcic  duti  Jim  Iwrorv  11  nn|Mi««  linn  tlic  tiMkoua  tytiifOL. 

are  dilatetl  the  fluid  within  the  perivasculur  lymph-channelt*  w 
likely  conipresseti;  muticuhir  exerciBt- must  act  on  the  lymph- 
chanuelit  iw  on  veino,  both  being  provided  with  valvei<,  thougli 
themselves  readily  rompressihle;  the  inspiratory  efforts,  expe- 
ciiilly  wliL-u  forcible,  ii88i.it  in  two  wsya:  by  the  coniprcoising 
ulTc«t  of  thu  respiratory  niusL-le:!!,  and  by  the  aicpimting  vttfKi 
of  the  ncgntivu  pressure  within  the  thorax,  producing  aeiiniUr 
iwpiraling  offoct  within  tlu<  grutt  veins,  into  which  the  Inrgv 
lymphatic  trunks  empty.  The  lAtt«r  arc  pruvided  at  this  point 
with  valves,  so  that  there  in  un  Itack-flow ;  and,  with  tlie  poiu- 
tive  pressuro  within  the  large  lymphatic  trunks  (thoracic  dnct, 
etc.),  the  physical  conditions  are  favorable  to  tho  outflow  of 
lymph  or  chyle. 
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Oiir  knnwIwIjKv  of  tliu  imtiirf  of  tho  pas)iii>;i>  uf  tlie  chyle 
from  thf  ititL<«»tnu-!>iiito  \\\v  bluixl  i»  uowvivan-r  tbnii  il  was  till 
recently,  tli»ugb  still  iiicomfik-tt.'. 

The  L-xac't  ulructun-  of  a  villus  is  to  bu  OMrt'fiilly  considereii. 
If  WH  atuiume  that  the  muBfiilar  cl-Us  in  its  stnictuiv  havo  a 
rhytbraically  contractile  funcliun,  the  blind  terniinn]  [lortion 
<if  tlie  lacteal  inolosed  within  the  \nllus  must,  aftar  being 
(ini>tie<l,  a<:t  as  a  Miction-pump  to  some  ext«nt;  at  all  i*vent«, 
the  oomlitioiis  aa  tn  prensm-t-  wmilcl  be  favorable  to  inQuw  of 
any  nial'i'riul,  especially  rtuid  without  the  lacteal.  The  jjreat 
(liniculty  htth«rto  was  to  iimlerstanfl  how  the  f«t  found  its 


Tte.  ««  -ljRinh«Ili>  rttmrU  wkI  «1aii.l»  («4ipprr>     I.  iippw  Mrtrwnllj-  oT  IhoraoK-  iHit*.  I»» 
WlwUTUanfti.    l^ioiilukUoKloiulorpx'r'nlnraunKar  nopU. 

way  thronich   the  vilhi»  into  the  blood,  for,  that  tnotd  of  it 
passed  in  this  direction  there  \i>  little  doubt. 

It  i»  now  known  tlmt  h-ucocytt-s  (anwpbnids,  pliagrjcyten) 
mij^rate  from  within  the  villus  outward,  and  may  even  reach 
its  Rurfac*;   thai    they   take   up   (eat)   fat-particles   from   the 
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Flo.  KM.— Momaah.  tnUatlnp,  Hid  ituarvtrrr.  *IUi  niivKfiUrtd  blanl.Tn— 1»  Bod  lacCeak 
WHfbUjr  raduocd  Iroiu  ■  nipiri-  in  Ihr  nrliHiuil  wnrk  of  Anillua. jiulill^bnl  la  lOTHaOtr 
Fllol).  jI,A,A.A.A.  nwittorli?  anonni  kud  >et>w ;  fi.  S,  B.  B.  8.  B.  B.  B.  B.  B.  UctMk ; 
C,  C.  C,  C,  D»«iUiT  ;  D.  D.  Muiiuu-b  :  £.  [irlnrlL-  pnnian  nf  nuicniu-li  i  F.  iliioclMium : 
O.  O.  ft,  jfJunuiD ;  A,  II.  H.  U.  H.  Ilnim  :  /.  annry  juid  ruin  un  fundus  <d  •Uinib-h  :  K. 
porUon  nl  toDMiluai 


opttholium  of  the  villun,  and,  indopeudontly  themselves,  carry 
them  inward,  mach  tlii'  I'entrul  lacteal  and  liruuk  up,  thus  releaa- 
ing  tlio  fitt.    How  thu  fat  getji  intu  the  covering  epilhelium  is 
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not  yet  90  fully  known — possibly  by  a  nimi- 
lar  inceptive  process;  nor  is  it  »KCL-rLuin<^'<) 
what  oonstractive  or  other  chemicol  pro- 
CQHsed  thoy  may  perform ;  though  it  is  not 
at  all  likely  that  the  work  of  the  amtehoirl 
otOIs  is  corilinud  to  thi<  tmiiaiiort  >>f  fat 
iJotio,  but  that  othui'  inatt^^TK  arc  also  tliu» 
removed  inward  tu  the  lactitul. 

Experiaeatal.— If  two  frogs  under  thu 
infiut^iicp  of  urari,  to  remove  the  effect  of 
mnacular  movements,  )>«  plat'ed  under  ob- 
servnliwii,  thi.-  one  having  ila  brain  an<i 
spinal  voi\\  dMntruyod,  thu  other  intact,  iu 
both  the  ftortu  divided  m^russ,  and  normal 
saline  solation  injei-tetl  intu  the  posterior 
lymph-sac  (t>eneath  the  skin  of  the  back], 
it  will  lie  found,  on  siiRpending  the  two 
by  the  lower  jaw,  that,  in  the  frog  with 
the  nurve •  iioQtors  uninjurLHl.  nbundant-e 
of  »Bline  fluid  is  taken  up  fixmi  the  dor- 
sal Hac  and  expelled  through  the  aorta, 
bat  in  the  other  case  none,  the  heart  remaining  all  but  empty. 
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DifftTL-iit  iiiU-rprotttliuiiB  hnvu  hwn  put  upon  tliis  experi- 
tnenL    Some  [Miirit  to  it  as  clear  proof  of  the  intluenre  of  the 
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rM.  nc— A.  !si<iili>ii  ■■'  thrill-  lit  (ni  klllrd  tliii'iiiK  fui  iitji»r|iiliiu  (Si-liSffTl.    rfi.  njiiUiHium ; 
ilr.MrIn'''  '  i    'ii|.ii . -Ila  :  r   lyiniili'tvlb  tDu|MUH>Jtiiiii :  I.nmtral  lacttwl  run- 

a)Miq>Ui>i<  -I    '         -,<  -iii'ii'inini-.  iTr.Mrlattidbonlpr;  C.  l]rin|ili-corpunl«:  f.bcttBl. 


nor\'o»»  Bystt'Tn  dirwtly :  to  otlit>rn  it  hcpius  that  the  f&iluro  of 
iibHij>i'ptio[i  in  (iwiiig  to  llu-  gi'i-iitly  ililatuil  (MiiKlition  of  tho 
WotHl-vcsai-ln.  voiiswiuenl  upon  llif  loss  of  Brteriitl  torn.',  tJio 
blood  mmaitiiiig  in  tlit<  veins,  ami  the  circulation  Iwing,  in  fact, 
practically  arrested.  It  certainly  can  not  be  claimed  that  the 
first  conclusinn  necessarily  followH  frnm  the  experiment:  the 
second  may  be  a  partial  explanation  of  the  failure  of  absi>r|>- 
tion ;  but.,  when  a  multitude  of  other  facts  are  taken  into 
account,  then-  seems  little  reason  to  doubt  that  so  important  a 
prfK-esii  as  absorittion  ciin  not  fiiil  to  be  regiilati-d  by  tht-  iwtv- 
ous  centers.  The  danger  of  founding;  any  iniport^iut  conclu- 
sion on  R  single  (•x]»eriment  \s  very  great. 

Again,  if  the  leg  of  a  frog,  i'xclu»ive  of  the  norvOK,  be  liga- 
tured, tho  limb  will  bu  found  to  swell  rapidly  if  placed  in  wntor. 
which  is  not  true  of  a  dua^l  limb.  This  is  adduced  a^  evidence 
for  the  independence  of  the  absorptive  process  and  the  circula- 
tion: and.  since  section  (if  the  sciatic  nerve  is  said  to  arreat 
absorption,  such  an  experiment,  taken  together  with  the  two 
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previous  41110(5.  poiiiU  in  the  lUrwtton  of  tho  riMitnil  of  this 
|)r»Ktw«  by  tliu  in'rvuuB  («)'!(U<m.  But  if  thi-  vk-ws  wi-  hoM  of 
tho  absolute  deiM>ndenc«,  t-xpcciBlly  in  tliv  liigliur  animals,  of 
all  vital  processes  on  tht-  nervous  system  arp  correcl,  it  fol- 
lovt),  aa  a  matter  of  couroe,  that  abtiorjition  in  liviug  tlsituuii, 
which  WB  do  not  rvKord  nn  wholly  explicable  by  any  physical 
])r(X'«s(<,  hut  as  bound  up  with  all  the  fuurtionx  of  t-vll-lifc, 
mti!*t  Im^  tlepondent  on  that  connection  wo  arft  omlnavorinK  t<i 
M«n)plin.'<i3:«  ln'twwii  oiir'  tissue  and  annthtM-.  luid  t^iwciaUy  the 
dontiiutting  tii^tii-,  the  nvrvous  system. 

Thera  an*  two  jiointt;  that  are  very  far  from  \mng  deter- 
mined  :  the  one  tlie  fate  of  the  products  of  digitstion  ;  the  other 
the  exact  limit  to  which  liiRestion  ia  carried.  How  much — 
eg.,  i>f  protcid  matter — does  actually  undergo  conversion  into 
lieptono:  how  much  is  conveHed  into  leucin  and  tyrnsin;  or. 
itgiiin.  what  pri>))orlion  <■!'  Hw.  iilbiimitious  matters  are  dealt  with 
ae  #U(.-h  by  ttio  intestine  without  conversion  into  i>i<ptone  at  all. 
(•itber  us  soluble  protoid  or  in  the  form  of  Hulid  piirticU's  Y 

1.  It  is  f^nerally  believed  that  soluble  su^Hrs  are  absurlH^d. 
iiBoally  after  cnnver>(ion  into  maltose  or  glucoBe,  by  the  cnpil> 
laries  of  the  stomach  anil  intestine. 

2.  There  ia  some  positive  evidence  of  the  presence  of  fats, 
HOnps,  am)  sugars  in  nnnsual  amount  after  a  mi>al  in  thi-  iKtrtal 
vein,  which  iuiplii-^  removal  friHu  the  inti'slinnl  contents  by 
the  capillaries,  thouf^li,  so  far  us  experiment  goes,  the  fat  ia 
chiefly  in  the  form  I'f  soaps. 

Certain  experiments  have  been  ma<le  by  liKatinK  the  pyloric 
end  of  the  stomach,  by  introdueinn  a  cannula  into  the  thoracic 
rluct,  so  as  to  continually  remove  its  contents,  etc.  But  we  are 
Burprised  thai  serious  conclusions  should  have  been  drawn  under 
iracli  circumstarict?s,. seeing  tluit  the  natural  (-onditions  ai-e  so 
alterwl.  Wliat  we  wish  to  get  at  in  physiology  is  thi»  normal 
ftinctiou  of  purt«.  and  not  thi<  pot^sibU- resultx  after  our  iutur- 
ferencf.  Under  .such  cin-urastances  the  phenomena  may  have 
ft  BUggeetive  but  certainly  can  not  have  a  conclusive  value. 

It  is  a  very  striking  fact  that  Httle  jieptone  (none,  according 
to  srime  olwtervers)  can  be  det^'cted  even  in  the  |H>rtal  blood. 
Trne  It  is,  the  circulation  is  rapid  and  constant,  and  a  small 
qutintity  might  escape  detection,  yet  a  considerable  amount  be 
pemovwl  from  the  intestine  in  the  space  of  a  few  hours  by  the 
rapillaries  alone.  Peptone  is  not  found  in  the  contents  of  the 
Hmracie  ducL 

Recent  invevtigations  have  tlirown  a  new  light  on  |>eptoT 
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It  18  nnw  known  that  there  are  several  kin<l9  of  p<>]>lones,  a 
disi'Iocurn  for  wljicb  vre  were  not  iinpnjiiAi-Hl,  considcrtug  our 
iniperfwl  knuwIodRe  of  proteicU  in  f^ncml ;  tml  llirrc  have 
iK'en  nther  ilevelopment**  whii'ili,  on  the  HU|i[ir>)iition  tlmt  the 
peptoiR-  of  the  alimentary  catinl  is  freely  abaorbetl  iw  3iich.  ore 
Ktiirtling  i-iiou(ch.  It  has  been  shown  that  thcsi*  ]M'iiriiii  ,  it  i 
Ifast  a«  pri*|>»rp'l  by  artificial  <liKet*tii)n,hnvc  thrw  i-fiViij  «  li._u 
injected  in  quantity  into  the  blood  of  an  animal :  Thvy  produce 
narrt>si» :  they  rntanl  or  pi-evenl  conjyriilattoii  of  tlio  lilixxl :  tlu'y 
lower  bloml-prt-itsnre.  The  first  offfcX  may  bi-  dt^'lwmlunt  in 
whnle  or  in  part  on  the  third. 

But,  infljjmuch  as  tho  venom  of  poiKouous  rvptiloii.  according 
to  r«>ceut  iiiv(*»tigationK,  is  ettseiitially  protind  in  nature,  it  ia 
plain  that  wc  niui*t  fxorci>«f  i^rvnl  luution  in  drawing  conrlii- 
Bi<jnrt  in  regard  to  tho  pliy»iologi<:«l  effects  of  proteid  bodies,  so 
long  fut  our  kuuwlcMlgu  of  thvir  exact  chemical  composition  is 
DO  imi»erf«-t.  That  the  chemist  can  make  out  no  great  differ- 
encu  bi-iween  jn-ptones  prepare<l  in  the  lalmralory  and  the  di- 
gostivo  tract,  or  even  between  those  and  Rnake-veiiom.  tlioiigb 
th«y  have  nuch  different  effects  when  injected  iiilo  the  blood, 
iit  clear  proof  of  bow  mnoli  we  have  yut  to  lean]  of  tlieoe 
iHidies. 

But  we  introiliiec  theso  considerations  here  rather  to  show 
that  it  is  by  no  mean»f  likely  that  aoiy  great  quantity  of  pep- 
lom.^  jiasseK  into  the  blood  as  such  at  any  one  time.     It  haa 
Ukiu  recently  Huggusled  that  pGjjtone  is  converted  into  globulin; 
in  the  liver.     But  what  proof  ih  there  of  this?     And  already! 
we  have  rrediU'd  the  liver  with  a  large  share  of  work. 

Kor  a  considerable  period  it  has  been  customary  to  use  tlw 
t4irms  endosmosis  and  diffusion  in  connection  with  the  func* 
tionHof  1.healim<!iitary  canal, and  espt^-ially  the  intestinal  tract, 
nil  if  lluK  tliiti-walled  but  roiiip1icat4^<l  organ,  or  rather  collee- 
tion  of  orgnnis,  were' little  more,  so  far  as  absorption  in  oou- 
eermsl.  than  a  moi^t  membrane,  leaving  the  process  of  the  n- 
niovnl  of  dig^wtLil  food  produclit  to  he  explained  almost  wholly 
on  pbyical  iirlnciplcH. 

Fiiim  such  views  we  dissent.  We  believe  they  an-  oltpceud 
hi  what  we  know  of  living  tlKsue  everywhuro,  and  are  not  sup- 
IHirli-al  by  the  »>))ecial  facts  of  digestion.  When  certain  foreignJ 
hoihiw  (tt«  purgatives)  are  introduced  int«  the  blood  or  the  ali-' 
iitetilary  canal,  that  diffusion  takes  place,  according  to  physical 
Uwtt,  nttiy  indicate  the  manner  in  which  the  intestine  can  act; 
but  evt'h  wlniitting  that  under  such  circumstances  physical 
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priiicipleB  actually  do  explain  the  whole,  which  we  do  not  grant, 
it  would  l>y  no  means  follow  that  nuch  was  the  natural  Iwhav- 
ior  of  thin  or^an  in  the  dittrharKf*  of  its  ordinary  functions, 

Wlieri  we  roiifidor  that  the  hI<io<I  tend.«  to  maintain  an  cqiii- 
Httrium.  it  mnst  U-  vviilc!it  ihivt  the  ixinioval  of  suliRtance^  fi-om 
th(>  uliint'ntAr^'  mnal,  unless  thi^re  is  U>  ho  oxcessive  activity  of 
the  exvrutory  organs  and  wuKte  of  energy  both  hy  thi-m  and 
the  digt-H^livo  tract,  must  in  i^unic  dugree  depend  on  the  demand 
for  the  products  of  digoHtion  by  the  tissues.  That  there  ie  to 
Rome  extent  a  corrective  action  uf  the  excretory  organe  alwayn 
fpiin^on  is  no  doubt  true,  and  that  it  may  in  cases  of  emergency 
he  ^rrent  is  also  tni4>:  but  that  this  is  minimize<l  in  ways  too 
cumpli^x  for  us  to  follow  in  every  <letatl  is  etiually  trua  Diges- 
lion  wnit^  on  appetit*>,  and  the  latter  is  an  expression  of  the 
netils  of  thf  tissui'SL  We  believe  it  is  literally  true  that  in  a 
hiMilthy  orf<(Uiisin  the  rate  and  chara<!ter  of  digestion  and  of 
thu  removal  of  prepared  products  are  largely  <Iepeiident  on  Iho 
condition  of  the  tit^uiw  of  the  bmiy. 

\Vliy  is  dii^'Mtioii  more  iwrfwl  in  overfill  individuals  aft#r 
a  short  fast  ?  The  whole  maltfr  is  very  complex,  but  we  think 
it  is  infinitely  better  to  admit  ignorance  than  attuinpt  tu  ex- 
plain by  principles  that  do  violence  to  our  fundamental  con- 
ceptions of  life  procTesseii  To  iutroiiuce  "  ferments  "  to  explain 
so  many  ob«:ure  poiuts  in  physiology,  as  the  conversion  of 
peptone  in  the  bloud,  for  example,  is  taking  refuge  in  a  way 
that  does  no  cmlit  to  science. 

Without  <ienying  that  endosmosis,  etc.,  may  play  s  part  in 
the  rital  processBB  we  are  con8i<ieriag,  we  believe  a  truer  view 
of  the  whole  matter  will  be  ultimately  reached.  In  the  mean 
time  we  think  it  best  to  express  our  belief  that  we  are  ignorant 
■if  the  rt^l  nature  of  absgrjition  in  Rreat  [mrt;  hut  we  think 
tluit,  if  the  alimentary  tract  were  regarded  lut  doing  for  the 
<]igC)<tod  fi>o<l  (chyle,  etc.)  some  such  work  as  certniti  other 
glands  do  for  the  bhjod,  we  would  be  on  the  way  to  n  truer  cou- 
veption  of  the  real  nature  of  the  prixreswes. 

It  would  then  bu  jMssible  1o  understand  that  proteids  either 
in  the  form  of  soluble  or  insolid^lo  suhslnnces,  including  {r'ji- 
tone^  might  Ik*  taken  in  hand  and  convt.-rteil  by  a  true  vital 
procesB  into  the  constituents  of  the  bluotl. 

If  we  were  tr>  nigani  the  kidney  as  maiiufncturing  useful 
iuHtead  of  harmful  products,  the  resembhini-e  in  behavior  would 
in  many  points  Ih-  parnlkd.  We  have  seen  that  mi'chanical 
explanations  of  the  functions  of  the  kidney  have  failed,  aud 
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Uiitl  it  must  be  re^rdeil  ev<>u  iu  thrKW  jmrltt  Hint  •.'lirniiinM 
riidst.  water  as  a  genuine  secreting  media nism. 

\Vp  wish  to  present  a  floinewhat  tnuT  concoption  of  tho 
lytiiph  that  is  separated  from  the  capillurii-»  unJ  liathea  the 

tinKUL-M. 

MV  would  r('K(iril  its  separation  as  a  true  secretion,  and  n<>t 
a  mere  difftisiim  dependent  wholly  on  blood-preasure.  Th« 
mcTO  ligature  of  a  vein  does  not  suffiee  to  cautm  an  fxdess  uf 
diffuiiion,  but  the  va*i-niotor  nerve-s  have  been  shovrii  to  b« 
concerut'J.  TIiw  offuriioii!*  that  re.tijlt  from  jKithological  pro- 
cosset  do  not  eom-^pond  with  tliv  lymph — that  is,  the  nutrient 
material — providitl  by  the  eapillari«'»  for  the  ti!wutn<^  These 
vessels  are  more  than  niiTc  rarriui* ;  they  aiv  sttretors— in  a 
sense  they  are  glamls.  Wo  have  seen  that  in  the  fietus  they 
function  both  as  respiratory  and  nutrient  uryau*  in  the  allan- 
tois  and  yelk-siu-,  and,  in  our  opinion,  they  never  wholly  Ium' 
this  function. 

The  kind  of  lymph  tliat  bathes  a  tissue,  we  lielifi\'o,  depuotls 
on  its  nature  ami  itf  conditiim  at  the  time,  so  that,  as  wo  view 
tissue-lyiuph,  it  is  not  a  mere  etTusiun  with  whieli  tho  tissues, 
for  which  it  is  pruvidml,  have  nothing  t^j  do.  The  differences 
may  be  beyond  our  chemistry  to  i)«ti>rmine,  but  to  assume  thai 
all  lymph  poured  out  is  aliltK  is  loo  crude  a  eonception  to  m<H-t 
the  facts  of  the  case.  Qlands,  too,  it  will  be  remembei-eii,  derive 
their  materials,  like  all  other  tissues,  not  directly  from  the 
blood,  but  fi-om  the  lymph.  Wo  beliove  that  the  cells  of  (he 
capillaries,  like  nil  others,  ar«  influenced  by  the  nervous  system, 
uotwilhstandiug  that  nerves  have  not  been  traced  terminating 
in  thtrni. 

It  18  to  bo  borne  in  luiiid  that  the  lymph,  like  the  blood, 
received  tijwuo  waste- products — in  fact,  it  is  very  important  to 
realize  that  the  lymph  is,  in  the  first  instance,  a  sort  of  t)ett4.-r 
blood — an  improved,  selected  material,  so  far  no  any  tissue  is 
concerned,  which  becomes  gradually  deteriorated  (gee  Fig.  3ay). 

We  have  not  the  space  to  give  all  the  reasons  on  which  the 
opinions  eipre-ssed  above  are  fouiidoil;  but.  if  the  student  hsd 
become  imbued  with  the  principles  tliat  pervade  this  work  thus 
far,  he  will  be  prepared  for  the  attitude  we  have  taken,  and 
symimthizu  with  otir  d»)Mrt<ur(!»  from  the  mechanical  (physical) 
physiology. 

We  think  it  would  be  a  great  gain  for  physiology  if  the  uw 
of  the  term  "  absoridioii,"  as  ajiplied  tti  the  alimentary  tract, 
were  given  up  altogether,  as  it  ia  sure  to  leotl  to  the  substttiu- 
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tion  nf  the  i^rnsH  c-nnceptioiifi  i»f  pbysiral  prov««SD8  instead  of 
Uiv  subtle  tiioiigli  lit  pi-G»t>nt  rather  indednite  ideas  of  vital 
pmcesiics,  Wb  prefer  ignorance  to  narrow,  artificial,  and  erro- 
tU'oiis  vii-ws, 

FathologicttL — UntltT  certain  circunistamies,  of  which  one  is 
obiitructiuti  to  the  venous  circiilAlion  or  the  I>-niphatic9,  fluid 
may  b«  puurvd  out  orclTowd  into  Iho  iieighhoring  tissues  or  the 
serous  (.-ttvi  ties,  Thisi«of  very  variubleouuipoHitioii,  but  always 
contains  enuuj^h  luilts  uod  pruteldit  to  rt^mind  one  of  the  blood. 

Such  Suida  are  often  apokoii  of  a»  "  lymph,"  though  the 
resemlilanre  to  normal  tissue-lj-mpli  is  but  of  tJie  crudest  kind ; 
and  the  condition  of  the  vesselH  when  it  is  secreted,  if  such  a 
t«.-rui  is  hen'  spiirnprirtti*,  is  not  to  bf>  compared  to  the  natural 
se|)arfttion  of  the  normal  lymph — in  fa«t,  wore  this  not  so,  it 
would  bf  likt-  thf  latter,  whicli  it  in  not.  When  such  effusions 
take  pluvu  tbcy  are  in  themselves  evidence  of  altered  (uud  not 
merely  increased)  function. 

The  F»c«i.^The  fieces  may  lio  ref^arded  in  at  least  a  three* 
fold  aspect.  They  contain  unfli^eeited  and  indigestible  rem- 
nants,  the  ferments  and  certain  decompiisition  prodnctsof  the 
digHKtive  fluids,  and  liiie  excretory  matters. 

In  carnivorous  and  omnivorous  animals,  including  man. 
the  tuidigested  matiTials  are  tliose  that  have«Mcape<l  the  action 
of  the  secretions — such  us  sUireh  and  fnt» — together  with  thoeu 
subetancus  that  the  digestive  juices  are  powerlesti  to  attack, 
as  horny  mutter,  hairs,  ebistic  tissue,  etc. 

In  vegetable  feeders  a  larger  proportion  of  chloruphyl,  cel- 
lulose, and  starch  will,  of  course,  be  found. 

Thefw.  naturally,  are  variable  with  the  individual,  the  spe- 
cioa,  and  the  vigor  of  the  digrative  organs  at  the  time. 

Besides  the  atiove,  certain  products  are  to  be  detecte<i  in  the 
fieces  plainly  trm-»able  to  the  digestive  fluids,  and  showing 
that  they  have  undergone  chemical  deeom position  in  the  ali- 
mwatftn>'  trai;t',  Huch  ils  i-bolulic  acid,  altered  coloring-matters 
like  urobilin,  derivable  probably  from  bilirubin;  also  choles- 
terine,  fatty  acids,  insoluble  soaps  (calcium,  magnesium),  to- 
gether with  ferments,  liaving  the  propertie.i  of  pepsin  and 
aiuy|o[>sin.     Mucus  is  al.to  abundant  in  the  fwce& 

We  know  little  of  the  excretory  jiroducts  proper,  as  they 
probably  nonnally  exist  in  snmll  tjuantity,  and  it  Is  not  impos- 
dbl«  thiit  some  of  the  products  of  the  dooomposition  of  the 
digestive  juices  may  be  reabtturtwd  and  worked  over  or  excreted 
by  the  kidneys,  et<. 


354 


ANIMAL  PUYSIOLOOY. 


■  Tliwrc  i»,  howvvor,  t\  recojciiizt'J  Don-iiitro){onnii8  crystalline 
body  known  iis  ijrcrftm,  which  cantanis  Kiilpbur,  salbi,  and 
piptmentfi,  luid  thut  may  vaiik  perhaps  an  a  true  excretion  of 
the  intetitine. 

It  is  wel!  known  that  bacteria  abound  in  the  oliniontiiry 
trifl.  though  their  numlwr  is  dependent  oti  a  variety  uf  cirfuui- 
sLonctnt,  including  the  kind  of  fond  and  the  condition  in  which 
it.is  entcn.  Th<^NO  minute  organiMiis  feed,  of  couriw,  and  to  get 
thfir  food  piTiiliice  fhetniciil  <U'rom positions.  Skalol  and  itidot 
art-  possibly  thus  produet'd,  and  givo  the  fa^oal  odor  to  the  con- 
tentf  of  the  intestine.  Bnt  ao  yet  our  ignorance  of  theoe  mat- 
ters is  greater  thnn  our  knowledge — a  remark  which  applies  to 
tlie  pxcrt'tory  functicms  of  tlie  alimentary  tract  generally. 

FathologioaL — The  facts  revealetl  by  idiiiical  and  pathologirnl 
Rtnily  leave  no  doubt  in  the  mind  that  th<*  intestine  at  all  events 
may,  when  other  glands,  like  the  kidney,  are  at  fault,  undertake 
an  nnutiuiLl  share  of  excretory  work,  pn»bnbly  even  to  the  length 
of  (li»4charging  urea. 

Obscure  as  tlie  subject  is,  and  long  as  it  may  be  before  we 
know  exactly  what  and  how  matter  is  thus  excreted,  we  think 
that  it  will  greatly  advance  us  toward  a  true  conception  of  tha 
vital  proceM<es  of  the  mammalian  body  if  we  regard  the  ali- 
mentary tract  as  a  collection  of  organs  with  Imth  a  sei'reling 
and  excreting  function;  that  what  we  have  been  terming  »!►• 
s()r|)tiun  is  in  the  main,  at  Uiast.es^eiitially  M^cretion  or  an  allied 
procusK:  and  that  the  part«  of  this  long  train  of  organs  ai-e 
mutually  depeudunt  and  work  in  eonct'rt,  sa  Umi,  whun  one  i» 
larking  in  vigor  or  resting  to  a  greater  ur  Icms  degree,  the  others 
make  up  for  its  diminished  activity ;  and  that  the  whole  must 
wiirk  in  harmony  with  the  various  excretory  organs,  as  an 
excretor  itself,  and  in  unison  with  the  general  state  of  the  econ- 
omy. We  are  convinced  that  even  m  an  exci-etoiy  mechanism 
one  pwrt  may  art  (vicariou!»ly)  for  another. 

Of  cdurw,  in  diju'iise  the  condition  of  the  fipccs  i«  an  indica- 
tion of  the  slate  uf  the  digestive  organs;  thus  color,  consistence, 
the  presence  of  food  in  lumps,  the  odor,  ami  many  other  points 
tell  a  plain  story  of  work  left  nndnne.  ilMone,  or  disordered 
by  infiuences  operating  from  within  or  from  without  the  tract. 
The  intelligent  physician  a<,-ts  the  part  of  a  qualified  inspector, 
snr^-eying  Ihu  output  of  a  great  fai-tory,  and  drawing  onnelu- 
sions  in  regard  to  the  kind  of  work  which  the  operatives  have 
performed. 
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Thb  Changes  produced  in  thb  Food  in  the  Auuektart 

Canai. 

We  havft  now  nonnirlered  the  method  of  secretion,  the  secre- 
tioiiit  them.tf^lve?,  and  the  movements  of  the  varioiLi  parts  of 
thfi  iJiRBetive  tract,  bo  that  u.  hriyf  statement  of  the  results  of 
all  ihiH  mei'huniHm.  ii»  rfiirrscnlwl  by  ctiHngbtt  In  the  food,  will 
be  appropriate.  Wo  shall  assume  for  the  present  that  the  effects 
of  the  diKestive  juices  are  siibstantially  the  same  in  the  body 
ag  in  arlifirial  digestion. 

Among  mamnirtlrt  fttoil  is,  in  the  mouth,  comminuted  (except 
in  tho  case  of  the  cArnivora,  that  bolt  it  almost  whole,  and  the 
rununuut«.  that  sinijily  swallow-  it  to  1k>  rogiirgitatorl  for  frviiih 
aad  oomploto  niiixticjition),  iniittliviited,  and,  iu  most  species, 
chemically  chaoged,  but  only  in  so  fur  as  slikrcb  is  concerned. 

IVplutition  is  the  result  of  the  co-ordinated  action  of  many 

mtutcular  inerhnni.'tni.'i,  and  is  reflex  in  nature.     The  cesophagiis 

tes  mucus,  whii-h  lubricates  its  walls,  and  aids  niechan- 

1y  in  the  traujtpurt  of  the  food  from  the  month  to  the  ftom- 
ach.  Iq  tho  sttimuch,  by  the  action  of  the  gn!<lric  juice,  food 
t8  furtlier  broken  up.  the  protoid  nivering  of  fat-cells  i«  digesti-d, 
[d  the  structure  of  mu»clu,  etc.,  disappears.    Proteid  matters 
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Flo  BM  — ttann*  Ukrn  trom  niarlo  pnttkiD  of  MdtiucIi  nt  >loe  •tiirlni;  dJaoiInn  df  mUcd 
food  tm£ttr  Hrnunr),  n.  dUnUvivml  mitimlAr  Abrn^  klrtir  lutvliii;  lUhApjr'ar^  ;  l>.  c, 
imiii  iilT  Bhrnt  la  irlileli  (arlK  Iut«  partly  dltapptTwl  id.il.il,  (lobuJM  at  tat ;  r.  (^  «, 
•MRft  :  9.  Molccutar  imnulM.    ' 
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licconit.-  iK'ptoiK-,  nn<]  in  mmo  ODimuls  fnt  is  xplit  up  into  rn<e> 
fatty  acid  (kill!  ^lyocrinii;  but  thu  (ligLvttioii  of  fat  in  tlio  >ttuin- 
ach  IS  vt-^ry  limited  »l  bt.-st,  and  prubukly  iluiw  not  go  on  to 
emuUificntiun  or  i^tiponitiouliou,  TIil-  digusliun  of  starrb  cod- 
tinuEV!  in  tho  Htoiunch  until  tlio  reaction  of  the  food-mass  b^ 
comes  acid.  TLi»  in  tin*  hog  may  not  bo  far  from  one  to  two 
hourti,  and  the  amyloly  tic  ferment  acta  with  Ri-eat  rapidity  even 
without  the  body.  The  fond  is  moved  about  to  a  certain  ex- 
tent, 8o  as  to  expate  every  ]mrt  freely  to  the  mucous  nicm- 
brnne  and  its  secretions.  It  i»  likely  that  the  i<ugnr  resulting 
from  the  digestion  of  starch,  the  peptones,  and,  to  some  ex- 
tent, tho  fat  formed  (if  any),  is  received  into  the  blood  from 
the  stumooh. 

As  tho  parttnlly  digoilcd  masK  (ohymo)  is  passed  on  into  the 
intestine  as  a  result  of  the  action  of  the  alkaline  bile,  the  para> 
jwptone,  pepsin,  and  bile-salts  are  deposited.  Certain  of  th« 
constituents  of  diuestion  are  thus  delayetl,  a  portion  of  the  pop- 
sin  is  pri>l)ahly  absorbed,  either  altered  or  unaltered,  and  pep- 
sin is  thus  got  rid  of,  making  the  way  clear,  .w  to  speak,  for 
tho  (w^tiim  nf  trypsin.  At  fill  events,  digestion  in  one  part  of 
the  tract  is  antagonized  by  di^iution  iti  another,  but  we  must 
also  add  supplemented. 

The  fat,  which  bad  been  but  little  altered,  is  emulsified  by 
the  joint  action  of  the  bile  and  pancreatic  secretion ;  a  iMirlinti 
18  saponified,  which  again  helps  in  emulsification,  while  tui 
additional  part,  in  form  but  little  changed,  is  probably  di-ult 
with  by  the  absorbents, 

Proteid  digestion  is  cmitinned,  and.  besides  ix>ptones.  ni- 
trogenoiLS  crystalline  bivlics  ore  formed  (leuciu  and  tyrosin), 
hut  under  what  conditions  or  to  what  extent  is  not  known ; 
thoui;h  the  qtmntity  is  likely  very  variable,  both  with  the  spe- 
cies of  animal  and  the  circumstances,  such  as  quantity  and 
qunlity  of  foofl ;  and  it  is  likely  also  dependent  not  a  little  on 
the  rate  of  abHorption,  It  seems  altogether  proluible  thai  in 
those  that  nse  an  excess  of  nitrogenous  food  more  of  those 
IkmIios  are  fonned.  and  thus  give  an  rclditioiial  work  to  the  ex- 
creting orgtuis.  including  the  liver.  But  the  nbsencu  of  albu- 
min from  healthy  fieces  jjoint^  to  the  complete  digestion  of 
proteids  in  the  alimentary  canal.  Plainly  tbe  chief  work  of 
intestinal  digestion  is  begun  and  carried  on  in  tbe  upper  part 
of  the  tract,  where  tho  ducts  of  the  main  glands  are  to  be 
found. 

The  contents  of  the  intestine  awarpi  with  bacteria,  though 
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tbeee  are  prol>aWy  kept  under  control  to  soniR  ext<>nt  hy  ilie 
bilt,  tho  functions  of  wliifh  hs  an  antiseptk  we  have  alnindy 
considered. 

The  Tpmoval  of  fats  by  the  villi  will  ho  shortly  consiiliTwl, 
The  other  products  of  digestion  prohably  find  their  way  into 
the  general  circulation  by  the  portal  blood,  passing  thntiigli 
the  livtT,  which  organ  nuxlifies  »ome  of  them  in  ways  to  ho 
4>xuniinod  tuti-r. 

Tho  valiTtiUte  rotuiirenU-s  greatly  incr<^<asi>  the  imrface  of  the 
intMrtinv,  and  returd  tho  movomuuta  of  Iho  partially  digested 
mass,  bolh  uf  which  are  favorable.  Tho  poriutaltic  movements 
of  the  small  gut  serve  the  obvious  purpose  of  monng  on  thf 
digeeting  maot,  thus  making  wny  for  fr«^h  additions  of  chyme 
from  the  stomach,  and  carrying  on  the  more  elaborated  nm- 
tents  to  pi>inta  wliere  they  can  receive  frosb  attention,  both 
digestive  and  absorptive. 

Comparativg. — In  man,  tin-  t-urnivora,  and  some  other  groups, 
it  is  likely  tluit  digi-islion  in  thu  largu  intostiue  is  slight,  the 
work  bc-iug  moi^lly  completed — at  all  events,  so  fur  tut  the  action 
of  the  w.-crt'tifHis  is  coneemvd — before  this  division  of  the  tract 
is  ruachi^l,  though  douhtlfsss  absorption  goes  on  there  also. 
The  muscular  streiigth  of  this  gut  is  important  in  the  act  of 
lecatirtn. 

But  the  great  size  of  the  large  intestine  in  niminanta — in 
ihfl  horse,  etc. — together  with  the  bulky  character  of  thv  food 
[if  such  animals,  points  to  the  existence  of  possibly  extensivo 
processes  of  which  we  are  ignorant.  It  is  generally  believed 
that  food  remains  but  a  short  time  in  the  stomach  of  the  horse, 
and  that  the  ciecum  is  a  sort  of  reservoir  in  which  digestive 
procfsses  are  in  prognis-s,  an<i  also  for  water. 

FfrmpitiHliims  go  on  in  the  inte.-'tine,  and  probably  among 
ruminant*;  they  are  numerous  and  essential,  though  our  actuid 
knowledge  of  the  subject  is  very  limited. 

The  gasos  found  in  the  human  stomach  are  atmospheric  air 
(swallowed)  and  carbon  dioxide,  derived  from  the  blood.  Those 
of  the  intestine  are  nitrogen,  hydrogen,  carbonic  anhydride, 
talphureted  hydrogen,  and  marsh-gas,  the  quantity  varying 
oonsidcrmbly  with  tke  diet. 

PatboIogicaL — In  subjwtsof  a  highly  neurotic  temperament 
and  unstAble  nervous  system  it  sometinu-^  happens  that  im- 
mense ciuantitiej*  of  gas  are  belohed  from  an  empty  stomach  or 
distend  the  intestines. 

It  is  ktiown  that  tlie  oxygen  swallowed  is  absorbed  into  the 
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blood,  aad  the  carbouic  anhydride  found  i»  tho  stomacU  der 
rived  from  that  Quid. 

It  nitl  thus  bi^  Rt^ti  thttt  the  aHiiiontury  truot  has  not  lost 
it»  respiratory  functions  cvon  in  mnu,  ajid  Uiat  these  may  in 
curtain  ineluuces  be  inordinately  dovclupud  (reveraion). 


Special  Oonsipkrations. 

It  ia  a  matter  wt-ll  recognized  by  those  of  mm-h  i?x[n^rit*nco 
in  breeding  and  keeping  animals  with  reHtrietod  frceiloiii  and 
under  other  conditions  differing  widely  from  tho  natural  ones 
— i.  e..  those  under  which  the  animals  exist  in  a  wild  slate — that 
the  nuturti  of  the  food  must  vary  from  that  which  the  untamed 
ancDstors  of  our  domestiu  animaU  ust'd.  Food  may  often  with 
advantage  bo  eookud  for  thv  taniv  and  cuiiiiiied  animal.  The 
digestive  and  the  afi^iimilativu  powers  have  varied  \tith  other 
changes  in  the  organism  brought  about  by  the  new  surround- 
ings. 80  much  is  this  the  case,  that  it  is  necessary  to  rosort  to 
common  experience  and  to  more  exact  experira«*nts  io  osoertain 
the  Ix-at  mi-tliwls  of  feeding  animals  for  fattening,  for  work, 
or  for  bru4:>ding.  iuferonoes  drawn  from  the  fcuiltug  habits  of 
wild  animals  allied  to  tlio  t^mie  to  bo  vnluablu  must  always, 
before  being  applied  to  tho  latter,  he  subjected  to  correction 
by  the  results  of  experience. 

To  a  still  KTeater  degree  does  this  apply  to  man  himself. 
The  greater  his  advances  in  civilization,  the  more  he  departs 
from  primitive  habits  in  other  reai>ects,  the  more  must  ho  de- 
part in  his  fetniijig.  With  the  progressive  development  of 
maii'x  VL'rubrum,  tho  koeiior  .struggle  for  place  uud  power,  the 
mure  his  nervous  energies  are  divortud  from  tho  lower  func- 
tions of  digestion  and  aHsiuiilntion  of  food;  bunco  the  greater 
need  that  food  shall  bt-  moi-e  cai-efuUy  selected,  and  inoi-e 
thoroughly  and  scientifically  prepareit.  Not  only  so,  but,  with 
our  increasing  refinement,  the  progress  of  digestion  to  suc- 
cessful is.stu>n  demands  that  the  .senses  of  man  ho  ministered 
to  in  onlur  that  there  be  no  interferences  iu  the  central  nerv- 
ous systi-m,  on  the  one  hand,  and  every  oucouragomoiit  to  the 
latter  to  funiish  the  ueci-asary  nervous  impuldos  to  the  digest- 
ive organs  and  the  tissues  in  every  part  of  the  organism :  for 
it  is  not  enough  that  footl  be  digested  in  the  ordinary  sense ; 
it  must  also  he  built  u]i  into  the  tissues,  a  process  depending, 
as  wo  shall  endt'.-tvor  ti)  show  hiti-r,  on  the  nervous  system. 

The  "gastrouomic  art "  lias,  therefore,  become  of  great  im- 
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portanco.  It  is  as  yet  more  of  an  art<  Umn  a  ncience ;  the  cook 
has  ouUtrippetl  the  physiologist,  if  not  the  chemist  also,  in  thiti 
direction. 

We  can  not  explain  fully  why  fooil  pn-pareii  by  cort&ili 
methods  and  eervwl  in  courses  of  »  c-ertuia  (uitablishud  ordvt  ia 
8u  9tiit4>d  to  rr-iined  nmii.  A  pari,  is  kuowii,  but  a  grttat  deal 
romuiiLS  to  bo  diMrovwrod.  Wl>  muy,  liowuvtT,  notice  a  fuw 
points  of  importiuivv  in  rt^gunl  to  tlit;  preparation  of  food. 

It  h  now  woll  established  by  usperience  that  animals  kept 
in  confinement  must  have,  in  order  to  escai>e  disease  and  attain 
the  be«t  results  on  the  whole,  a  diet  which  not  only  imitates 
that  of  the  corresponding  wild  forms  generally,,  but  even  in 
details,  with,  it  may  be,  altered  proportions  or  added  constitu- 
ents, in  consequence  of  the  difference  in  the  environment.  To 
illustrate :  poultry  can  not  be  kept  healthy  confined  in  a  ahed 
without  sand,  gravel,  old  mortar,  or  some  similar  pre[>aratioii ; 
and  for  the  beat  ruMulls  they  must  have  grflon  food  also,  as 
lettuce,  cabbage,  choppttl  green  dovor,  gin^ss,  etc,  They  must 
not  be  providiHl  with  us  much  food  as  if  thoy  had  the  exorcise 
afforded  by  running  hither  uud  Ihithor  uvor  a  largu  field.  We 
haw  chosen  thin  ohsl>  because  it  is  not  oummoiily  reeogiuBud 
ttiJtt  our  domesticated  birds  have  been  so  modified  that  special 
study  must  be  made  of  the  environmout  in  all  cases  if  they 
are  not  to  degenerate.  The  facts  in  regard  to  homed  cattle, 
horses,  and  dogs  are  jwi-liaps  bettisr  known. 

But  all  these  instances  are  simple  as  compared  with  man. 
Tlio  lower  mammals  can  live  and  Konrish  with  comparatively 
little  change  of  diet:  not  so  man.  He  demands  diet  not  only 
diMimilar  in  iU)  actual  gruHser  nature,  but  dilFeruntly  prepared. 
In  a  word,  for  the  efferent  nervous  impulses,  on  which  the 
digestive  processes  depend  to  be  properly  supplied,  it  has  be- 
vome  necessary  that  a  %-ariety  of  afferent  impulses  (through 
eye,  wu*,  noee,  palat«)  reach  the  nervous  centers,  attuning  them 
to  harmony,  so  that  they  shall  act,  yet  not  interfere  with  one 
another. 

Cooking  greatly  alters  the  chemical  com()03ition,  tlie  me- 
chanical condition,  and,  in  cunseqiience,  the  flavor,  the  diget<ti> 
bility,  and  the  nutritive  vtilue  of  foods.  Tu  illustrat*^:  meat  in 
its  raw  comlition  would  present  mechanical  diflicidtioK,  the  di- 
gestive fluids  permeating  it  leas  completely;  an  obsluele.  how- 
ever, of  far  greater  magnitude  in  the  case  of  must  vegetable 
fooils.  By  cooking,  certain  chemic-al  compounds  ore  replaced 
by  others,  while  some  may  W  wholly  removed.     Aa  a  rule. 
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boiling  in  oot  n  good  form  of  prepnrinK  in<>at,  b(>«Hum  it  with- 
dntws  uot  only  wilta  of  importance,  but  proloids  and  tho  ex- 
txaotivtifl — nitrogenous  imd  otlier.  Beef-t«t  is  valuubl«  i-hiofly 
btwaueo  of  tlicso  (.txtrHtHiveit,  tliougli  it  ulso  contaiuK  a  little 
gelatinv,  albumin,  and  fat8.  Salt  mmit  furnixhiui  Iwstt  nutri* 
inpiit,  a  large  part  liiiviiig  Jiwn  removinl  by  tho  brine;  uot- 
wilhxtanilin;;;,  all  pt«n>onH  at  tiiiios,  and  some  frequently,  linil 
Huch  food  highly  beneficial,  tbt>  etl'ect  being  doubtletKi  not  con- 
lined  to  the  alimentary  trat-t. 

Mi»tt,  according  to  the  heat  emjiloyeil.  may  be  so  crx)k«d  a» 
to  rtMain  tbo  greater  jMirt  of  its  juices  within  it  or  tho  revorse. 
With  a  high  t(imi»erature  (tlS"  to  70"  C)  th^'  outsidu  in  roasting 
may  bo  no  quickly  harilviii'il  as  to  mtuin  tlii<  juicvs. 

In  fcLifling  dugs  it  i»  both  phyi^iolugical  and  OL-ononiical  tn 
give  the  animal  the  broth  as  well  as  tho  meat  itself.  The  poor 
man  may  get  excellent  fond  clieaply  by  lining  not  aloiio  tha 
mttnt  of  the  shank  of  I>eef,  but  the  extractives  deriveti  from  it. 
Thcro  is  much  wasft^-  not  only  by  thoconsumplion  of  uiuru  food 
than  ia  ucci-ssary,  but  by  tho  purcli>u«c  of  kinds  in  which  that 
important  claasi  of  bodios,  tb«  prottflds,  oomm  at  too  high  a 
prii«». 

It  is  remarkable  in  the  highest  degree  that  man's  appetite, 
or  the  iuBtinctive  choice  of  food,  has  proved  wiser  than  our 
science.  It  would  be  impossible  even  yet  to  match,  by  calcula- 
tions based  on  any  data  we  can  obtain,  a  diet  for  t^-ju:])  man  eciiinj 
upon  tho  whole  to  what  his  instincts  promjit.  With  tho  lower 
mammals  wo  can  prescribe  with  greattT  sucv«k8.  At  the  same 
time  obfmical  and  physiologicjd  scit-uce  can  lay  down  general 
[irinciples  based  on  actual  es]«!rience.  which  may  serve  to  cor- 
rect some  artificial itieB  acquired  by  perseverance  in  habits  that 
were  not  baser]  on  the  true  instincts  of  a  sound  body  and  a 
healthy  mental  and  moral  nature:  for  tho  influence  of  the 
latter  can  not  be  safely  ignor(.><l  wen  in  such  discussions  as  the 
present,  Tlit-se  remarks.  howoviT,  aro  mciant  to  bu  suggestive 
rather  than  i^'xhaustivu. 

Wu  may  with  advantage  inquire  into  the  nature  of  hunger 
and  thirst.  These,  as  we  know,  are  safe  guides  usually  in  eat- 
ing and  drinhing. 

Aftfr  a  lonj;  walk  on  a  warm  day  one  feels  thirsty,  tho 
month  is  usually  dry;  at  all  events,  moistening  the  mouth, 
especially  the  back  of  it  (pharynx),  will  of  itself  partially  re- 
lieve thirst.  But  if  we  remain  quiet  for  a  little  time  tho  thirst 
grows  less,  oven  if  uo  Huid  be  taken.    The  dryne^  has  beaa 
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relieved  by  the  natural  socrotions.  If,  bowevor,  fluid  bo  intro- 
duced into  the  blouti  oithur  diructly  or  ihruugli  thu  ulimuittaiy 
canal,  the  thirst  is  also  rclioved  spoedily.  Thu  Tact  that  we 
know  when  t<>  stop  drinking  water  shows  uf  itself  tliat  thei-e 
n)u»t  Ih>  local  sensatioiui  that  guide  as,  for  it  is  not  jiitssible  tt> 
ln-lim-it  that  tho  whole  of  the  fluid  Uiken  can  at  oiicv  have  en- 
t^rt«l  the  blontl. 

AKaiOi  in  tli«  caso  of  hungur,  tbu  iutrutluctiou  of  inautritions 
matters,  as  earth  or  sawdust,  will  somewhat  relieve  tho  urf^'nt 
sansBtiona  in  extreme  vasee;  as  will  also  the  use  of  tobuiTO  hy 
gmokers,  or  niui-h  mental  occupation,  though  the  Iatt«r  in 
mtlHT  illustrative  of  the  lessening  of  the  conscioimneAt  of  the 
ingoing  iriiimlMtii  by  diverting  the  attention  from  them.  But 
hunger,  like  thintt.  tiiuy  be  niitigat4<<l  by  injf<-tion»  into  tbc 
int4.'«tines  or  tht*  blood.  It  is,  thoiX'fure.  <^loiir  tlml.  while  in  ibe 
case  of  hunger  and  thirst  tht>ri>  is  u  local  i^xpfLission  of  a  need, 
a  peculiar  sensation,  mure  pronounciwl  in  curtain  pai-ts  (the 
faucus  in  tbe  case  of  thirst,  the  stomach  in  that  of  hungtT), 
yet  thcAO  may  be  appe»««i  from  within  through  the  mudium 
of  Ihu  blood,  as  wl-II  ms  from  without  by  the  contact  of  food  or 
water,  as  tho  cast*  uiuy  bi-. 

Up  to  the  present  we  havu  assumtxl  that  the  changes 
wrought  in  the  food  in  the  alimentary  tract  were  identical 
with  tliose  produced  by  the  digestive  ferments  as  obtained  by 
extracts  of  the  organs  natundly  prnrlucing  them.  But  for 
many  reaoons  it  seems  probable  that  artilicial  digestion  can  not 
bo  regarded  as  parallel  with  the  natural  processes  except  in  u 
vwry  goueml  way.  When  we  take  into  aceoniit  the  absence  of 
muscular  movements,  rcgulat<^d  according  to  no  rigid  prin- 
ciples, but  varying  with  inuiimeriibki  circumstances  in  all 
probability ;  thu  iiWuncu  of  thu  influence  of  tho  nervous  sys- 
tem determining  thu  variations  in  the  quantity  and  compo- 
ntion  of  the  outflow  of  the  secretions;  the  changes  in  the  ratL> 
of  soH^lted  absorption,  which  doubtless  influences  also  thi-  act 
of  tho  secretion  of  the  juii-es — by  thest-  and  n  host  of  other  con- 
siderations wo  arc  lo)id  to  hesitate  bi'furo  wu  commit  ourselves 
too  unreservedly  to  the  belief  that  thu  proc(^«ues  of  natural 
digestion  can  be  exactly  imitatetl  in  the  lab(tratory. 

What  is  it  which  enables  one  man  to  digest  habitually  what 
may  be  almost  a  poison  to  another  ?  How  is  it  that  each  one 
can  dispoeie  readily  of  a  food  at  one  lime  that  at  another  is  quite 
indigestible  ?  To  reply  that,  in  the  one  case,  the  digeittivo 
I  are  jMured  out  and  in  the  other  not,  is  to  go  little  below 


862 


AMMAI.   EMIYSIOLOGV. 


the  surface.  For  one  asks  the  reanon  of  thin,  if  it  be  a  fact,  as  H 
no  doubt  18.  When  we  look  furtlter  into  the  peculinritio)«  i)f 
■li^titiun,  ytc,  wo  reptigni»o  the  inttiK-nn;-  of  race  iw  jiiirli,  uinl 
in  thf>  racvuud  thu  ituJividuiU  that  obtrusive  thougli  ill-uMiJLT- 
dtood  fact — the  (oroo  of  luibU,  oporutivu  hi-po  as  elsewhi-n-. 
And  there  can  be  little  doubt  thnt  thu  habits  of  n  ptoplu,  aa  to 
fooil  esten  and  diKestivo  peculinritif^  established,  become  or- 
ganized, fixed,  and  transmitted  to  putiterity. 

It  !!«  probably  in  thin  way  that,  in  the  coiime  of  the  evolu- 
tion of  the  various  groups  of  anintalit,  they  liave  come  to  vary 
So  much  in  their  choice  of  diet  ami  in  their  digestive  processef. 
did  we  but  know  them  thoroughly  hs  they  are;  for  to  ai^tume 
that  even  the  digestion  of  lunniiiiBls  etui  be  summed  up  iu  tlie 
simple  way  now  prevalent  sueitut  to  us  too  bntud  an  assump- 
tion.    The  lieUl  is  very  wide,  and  as  yet  but  little  explored. 

Hniaui  Phyiiolq7.— The  study  of  Alexis  St.  Martin  has  fur< 
nished  probably  the  best  example  of  genuine  human  physiology 
to  be  found,  and  ban  yielded  a  harvest  rich  in  results. 

"We  suggest  to  the  student  that  self-observation,  without 
interfering  with  the  natural  procesi»es,  may  lead  to  valuable 
knowledge;  for,  thongli  it  may  lack  some  of  the  precision  of 
laboratory  experiments,  it  will  prove  in  many  rusiiects  more 
instructive,  suggestive,  and  iinpres^ivo,  and  have  »  bearing  on 
medical  practice  that  will  make  it  telling.  Not  that  we  would 
be  underatoo<I  now  or  at  any  time  as  depreciating  laboratory 
ex  lie  rim  en  ts ;  but  we  wish  to  point  out  from  time  to  time  how 
much  may  be  learned  in  wayfi  that  are  simple,  iiiexpensivv, 
and  consume  but  Htile  time. 

The  law  of  rhythm  is  ilhistratod,  both  in  Itealth  and  disease, 
in  striking  ways  in  the  digestive  tract.  An  individual  long 
accustomed  to  eat  at  a  certain  hour  of  the  day  will  experience 
at  th.it  time  not  only  hunger,  but  other  sensations,  |irol>ii1i|y 
referable  to  secretion  of  *  cert,ain  quantity  of  the  digestive 
juices  luid  to  the  movements*  that  usually  accomimny  the  pres- 
ence of  food  in  the  alimvnt«ry  tract.  Some  ]K>rsons  find  their 
digestion  disordered  by  a  change  iu  the  hours  of  meals. 

It  is  well  known  that  defecation  at  |M-riods  fixed,  even  within 
a  few  minutes,  has  become  an  established  habit  with  hosts  of 
pe<tple ;  an<I  the  same  is  to  a  degree  true  of  dogs,  etc.,  kept  in 
confinement,  that  are  taught  cleanly  habits,  and  encoumginl 
therein  by  regular  attention  to  their  needs. 

Now  and  then  a  case  of  what  is  very  similar  to  regurgita- 
tioQ  of  food  in  niminanls  is  to  be  found  among  Itumun  faeingRL 
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This  is  traceable  to  Imbit.  which  Is  buiiiid  up  n-ith  the  law  of 
rhythm  or  pt-riodic  iiKirt-iisL-iI  uml  dimiiiished  activil)-, 

Indeer],  every  oiiu  sufficiontly  uhsorvant  miiy  aotice  id  him- 
self iatttances  of  thu  applic-utiou  of  Ibis  luw  in  tliu  w-'ouoiny  uf 
his  nva  dige-ative  organs. 

This  tendency  is  ini|¥)rt«nt  in  preserviiif*  enersy  for  liiKhi>r 
onils,  for  such  in  the  result  of  the  operation  uf  thiH  law  evei'y- 
whoro. 

Tfte  law  iif  corrflnli'Mt,  ur  inuttiiil  (k-iKJiiflonct!.  is  wtill  illuK- 
trat«d  in  lliv  lU'rit'ii  of  orf^uiie  couipusin^  thu  utimuiitary  triu.-!. 

The  condition  of  the  atumacb  biut  its  counturpart  in  the  rent 
of  the  tract:  thus,  whvn  St.  Martin  hud  a  disordered  Ktomaoh, 
the  epithelium  of  hia  tontpie  showed  corrospondinj?  changes,. 

We  have  already  referred  to  the  fact  that  one  part  may  do 
extra  work  to  make  up  for  the  deticiencieH  of  another. 

It  i»  confidently  tufatertcd  of  lato  that,  in  the  auw  of  porsoaif 
Ion;;  unuhlo  to  take  food  by  tho  mouth,  iiutritiw  HulmtunciNi 
given  by  onvmata  find  thuir  way  up  to  the  duodttnum  by  anti- 
periBtekia  Here,  then,  is  au  vxamplo  of  au  uoquirud  adaptive 
arrangement  under  thi*  stress  of  circumcitam-es. 

It  can  not  be  too  ninrh  impressed  on  the  mind  that  in  the 
complicat«<l  body  of  the  mammal  the  work  uf  any  one  organ 
U  ronMantly  varying  with  the  clinngcis  elt<«where.  It  in  this 
mntniil  dcjK-ndenc^;  and  adaptation— an  old  doi'trine,  too  much 
left  ont  of  «ight  in  modern  pliy«iology — which  makes  the  at- 
tempt to  rontpleltly  unravel  vit«l  processes  well-nigh  hopeless; 
though  each  accnmulating  true  observation  gives  a  lietter  in- 
sight into  this  kaleidoscopic  mechanism. 

We  have  not  attt:impt«d  ti)  make  any  .stat«mutitit  as  to  thu 
quantity  of  the  vnrioii)^  sccrutions  dii<charg(Kl.  This  is  Isrgi*, 
doubtleas,  but  much  i)(  pndiably  ivalMorbud,  i-ithur  altered  or 
nnalterod,  and  ni<i-d  uwr  agaiu.  In  thi*  casw  of  Jhhiiir  the  con- 
ditions  aro  so  unnatural  that  any  (*oncliuiionK  ax  to  the  normal 
quantity  from  tho  data  tliey  alTord  mu«l  he  highly  unsatisfac- 
tory. Moreover,  the  i|uantity  must  be  very  variable,  aiconl- 
ing  to  the  law  we  are  now  considering.  It  is  well  known  that 
dry  food  provokes  a  more  abun<lant  discharge  of  ttaliva,  and 
thiii  18  dou titles  but  one  examplcMif  many  otht^r  relat  ions  tK<- 
twwr  the  character  of  the  fiKxl  and  the  quantity  of  secretion 
prvivided. 

Erolation.— Wu  have  from  timu  bt  time  either  distinctly 
pointed  out  or  hinti^l  nt  the  evulutionary  implications  of  the 
fKts  of  tliis  department  of  physioh>gy.     Tin*  Mructure  of  the 
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difiestivB  urgait8,  pUinly  indicating  a  rising  sculo  of  complexity 
with  grwitpr  and  greater  difFerfntiatioii  of  function,  is,  Ix-yciml 
questioQ,  uu  wvidencn  of  evolution. 

The  law  of  natural  selection  and  tlio  law  of  adaptation, 
giving  rise  to  new  fomis,  have  both  o]KTati'd,  wu  may  bcliove, 
from  what  ran  bo  obiwirved  going  on  around  iiti  and  in  uur- 
aelvw.  The  occurronru  of  traiintitiunal  fomi!!,  as  in  the  epi- 
tludium  of  the  digL-ativo  tract  of  the  frog,  ia  aJtui  in  harmony 
with  the  conouption  of  a  progrossive  evolution  of  Btructure 
and  function.  But  iht;  limits  of  xpiux  will  not  permit  of  the 
enuniontlioii  of  details. 

Snmiiury. — A  very  brief  resume  of  the  subject  of  digeRtiou 
will  pnibably  suffice. 

Kooil  \*  either  organic  or  inorganic  and  coinprisos  protcid*, 
fats,  carb(jhy<lrate8,  salts,  and  water ;  and  each  of  thi«(;  must 
enter  into  the  diet  of  all  known  animals.  They  must  also  he 
in  a  form  that  is  digestible.  Dig«Rlion  is  the  rwluL^tion  of  food 
to  a  form  such  that  it  may  be  further  dealt  with  hy  tho  aliment- 
iiry  tract  prior  1^>  being  introduci'd  into  the  blood  (absorption). 
ThiH  is  elTocti'd  in  difft-rent  parts  of  the  tra^t.  the  various  con- 
Htituentt<  of  food  being  difftTKUtly  modified,  according  to  the 
mwrcttons  tliere  provided,  etc.  The  digestive  jiiicee  oontAiii 
tNiH«>nti»lly  ferments  which  act  only  under  definite  conditions  of 
chi'micid  rendition,  temperature,  etc. 

The  rhtHigfw  wTfiught  in  the  food  are  thu  following :  starchm 
ur<>convurt(iil  into  sugars,  proteids  into  pcptouos,  and  fat»  into 
fatly  ncids,  soaps,  and  emulsion ;  which  alterations  are  effected 
by  ptyoUn  and  ainylopsin.  pepsin  and  trypsin,  and  bile  and 
pMiOMktio  atoapsin,  res]Hx:tively. 

Oiiltidn  the  omcous  mviubrane  containing  the  glands  are 
mUMKuhir  I'iMtts,  serving  to  bring  about  the  movements  of  the 
fiHxl  rtl<i]i^  ihii  iligt'stivu  tract  and  to  expel  the  fwces,  the  circu- 
lar (llt«nt  being  the  mure  important.  Theae  movements  and  the 
pnieiiMWM  of  wcn'tion  and  so-called  absorption  are  under  the 
iHtlitrol  of  the  nervous  system. 

The  prtijiarution  of  the  fiige-'tive  socrc'ttontc  involves  a  series 
of  ('huugot  in  llio  epithelial  cells  concerned,  which  can  be  dis- 
tiiK'tly  InH^ol.  and  take  place  in  reeponso  to  nervous  stimula* 

"HitMu  we  nigitrd  as  inseparably  bonnd  up  with  the  healthy 
Ufv  itf  Ibn  ci4l.     To  be  natural^  it  must  secrete^ 

'phi>  UhuHl>ve8Hi'ls  of  the  stoma<-b  and  intestine  and  the  villi 
uflhw  Utti>r  ruuiivu  the  digested  food  for  further  ehtl>orutiun 
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(fthisorptioii).  Tho  uniligvstoil  romunnt  of  food  and  the  exoro- 
t)oii9  of  the  intestinu  maku  up  tho  fivcuK,  thv  hittur  hoing  ex- 
pelled by  a  sierit^  of  co-ordiiiatix]  mui«culnr  mi)Vuaiout«i  osauii- 
tially  reflex  in  origin. 


THE  RFSPIRATORY  ST3TEM, 

In  the  BUkmmal  the  hreathing  organs  are  lodged  in  a  rlusdd 
CAvily,  separated  by  a  niusinilar  partition  from  that  in  vhich 
the  digestive  and  certain  othor  organs  art*  contained.    Tliiji 
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thoracie  rhnmlMT  may  ln>  saiil  Ui  he  rcjierved  for  circulatory 
Hiul  Tvfipirnlory  c>r^aii»  which,  wo  again  prtiiit  out.  are  bo  r«>iatftl 
IhHt  thftjr  n'lilty  fnrtii  parts  of  one  systoni. 

Till-  imLiiitiiai's  1)1(10(1  rwmims  xo  mui-h  uf-r»t)<iu  (vontilatioii) 
tli»t  tin-  Uiiig>  im-  viTv  liti'gi-  uitJ  till-  rcspiralury  ttyst^tui  lins 
twcomt.'  groiitly  Kp(.-ciiiliKi«].  Wo  do  lougiT  fiml  tlui  skin  ur  iili- 
montar>'  runal  taking  any  lar^e  sbttre  in  the  pi-n{-e»» ;  and  iLu 
lungK  and  the  mechanisms  hy  which  tliey  are  ma<le  lo  move  Uu? 
Hases  with  which  the  blooil  and  tissues  are  concerned  bonimu 
very  complicated. 
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Our  Studies  of  niu»cle  physiology  should  have  made  clear 
tlie  fact  that  ti«»u(slifv  impliett  the  constant  consumption  of 
oxygttn  anil  discharge  of  carbonic  nnhytlri»K'.  iind  Ihnt  Uu-  pri>- 
oesaect  whicli  givt.-  ri»e  to  this  nrc  going  ou  ut  a  rapid  rale;  so 
tliat  Uie  deniandit  of  the  animal  fur  oxygvn  oonfttantly  may  be 
readily  undiTKloud  if  oneaissunit^-s.  what  can  he  »hown,  though 
leas  readily  than  in  thocaee  of  niuHcK  that  all  the  tii^suus  are 
constantly  craving,  uk  it  wvre,  for  this  utttMnitial  oxygei) — well 
called  "  vital  air." 
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Retfpirntion  mfty.  then,  be  regwrded  from  a  phyBical  and- 
cli«niiciil  point  of  view,  though  in  tbin  as  in  olber  instances  we 
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must  be  on  our  ^lard  ftgnin^it  regarding  physiological  prticeeBes 
Jul  ever  purely  physical  or  jjuroly  cbcmic«I.  The  respiratory 
proceft:)  in  the  miunnutl,  nnliku  the  frog,  oonsimts  of  an  active 
i*riii  a  (htrgfly)  jMsttivo  phiiiu.'.  Thu  iiir  i»  not  pumpe<i  into  the 
lnQg«.  hut  «nckv<l  in.  So  gn-nt  in  the  comploxity  of  the  hings 
in  the  lunmniAl,  that  tbv  frog's  lung  (which  may  Iki  readily 
iindLTi^tood  Ijy  blowing  it  up  by  inserting  &  xinnll  \n\m  in  the 
glottic  ojH>ning  of  tliu  aniiunl  and  thi'u  ligaturing  tbodij^tended 
organ)  may  bu  comiuuvd  lu  a  single  infiindibulum  ut  tliu  mam- 
malisn  lung. 

Aasiuning  that  thu  student  is  somewhat  conversant  with  the 
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coarse  nnd  Rne  anatomy  of  the  respiratory  orf^ns,  we  cnll  at- 
leDtion  tu  the  physiolo^cal  aspec-tA  of  bqiiir  points.  The  hiug» 
represimt  u  nii'mbranoiiit  expunsion  of  tn'i^t  extent^  lined  wit]i 
ilattenfil  ci'lls  ftTul  mip|>i>rtiiiK  innmijomlilp  capillary  blood -viit- 
mOh.  TIih  uir  is  adtiiitu^il  to  the  cnnip]i<'iilf><)  fnldiniirit  of  UiJK 
membmne  by  tubes  which  remain,  throughout  the  Kreiitor  p*rt 
of  their  extent,  open,  beinj;  composed  of  rartihtginous  rings, 
completed  by  untl  t]>c»\if».  of  which  plnin  niui^-le-celU  form  au 
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important  purt,  Korving  to  maintain  a  tonic  rv^iiilunco  ogaiiiBt 
pulmonary  und  bronchial  prpsaure,  as  well  a*  serving  to  »id 
in  the  act  of  coughing,  etc.,  so  important  in  expelling  foreign 
bodies  or  preventing  their  ingi'ean. 

The  bronchial  tubes  are  lined  with  a  mucou»  membrano, 
Itept  moiot  by  the  senrptions  of  its  glantln,  and  cowrt-d  with 
ciliated  epithelinm,  as  are  also  tln^  nawtl  pnsitiiges,  which  by 
the  outward  currents  they  crcntt*,  favor  <]ifru8ioii  of  ga«ios,  and 
removal  of  excc!«s  of  mucui*.  The  thorncic  wiilU  and  the  lungit 
lliomsolvo«  are  coverud  with  a  tough  but  thin  membrane  lined 
with  flattened  cells,  which  secrete  a  small  quantity  of  Quid, 
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that  acrvc«  to  mnintutn  tlic  siirroundtiig  {urts  in  a  molgt  con- 
ilition,  tbuK  U-MM;iiiiig   frictiun.     TUo  iin]M)i-lauco  of  this  ar- 


P 


.    tf  Ike  farmotqnna  of  the  hmnu  liinic.  In]r<:ti.il  ihrniiith  iIh>  imlnuaiuy 

if^ement  is  well  ttf^i  when,  in  cotisoqtienoe  of  inflammation 
of  thJH  plpura,  it  beromw'  dry,  Riving  i-iw  diiniiK  piich  reHjiirw- 
lory  movfiiiPnt  to  n  frictinii'CouiK)  iiiul  n  painful  nensatinn, 
It  will  not  bft  for(p>tton  Ihiit  this  mombritiie  extends  over  the 
dill) lit nitfin.  mv\  tliat.  in  (-imM^'qneni'o  nf  thi-  lungs  complott-ly 
Rlhng  «U  iho  upttoi'  (not  occupiwl  by  otht-r  orgniis)  diiriiig  evt-ry 
position  of  tlio  ohesl-wallit,  the  rnatal  and  pulnionnr}'  pk'uraJ 
siirftu^i'-s  arc  in  confltant  contact.  By  far  the  greatt-r  purl  of 
the  lung-sutiLttance  iHtnMRt.i  of  elastic  tissue,  thus  adapting  the 
princi[Mil  rr'fipirat.iry  organs  to  that  amount  of  distention  ami 
recoil  to  vrliich  they  are  ceaseles.-4ly  ttiibjected  during  the  en- 
tire lifntime  of  the  animal. 


The  ENTRANfTK   AMD   ExiT  OF   AlR. 

Since  the  lungs  fill  up  so  omiph'tely  the  Ihomcic  cavity, 
inanifuritly  any  change  in  the  »izu  of  the  latter  must  lend  to 
an  increow  or  diminution  in  the  quantity  of  air  they  contain. 
Since  the  air  witltin  tho  respiratory  organs  is  being  constantly 
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robbod  of  its  oxyiren,  and  rendered  impure  by  the  addition  of 
corbuiiic  dioxidv,  llie  former  inu.st  bi^  renewed  and  the  latter 

f'X|)oHe(l ;  and,a»  mere  diffu- 
sion takes  pl«<:i>  too  slowly  to 
avcompliiib  tbls  in  tbu  main- 
uial,  this  proMKtt  i«  uisistixl 
by  tlie  UL-rvous  »yirt«'m  sot- 
ting certain  muscles  at  work 
to  alter  tlie  size  of  tlie  fbfst 
cavity.  Because  of  the  rilis 
liL'ing  placed  obliquely,  it  fol- 
i'jws  lliftt  their  elevation  will 
rutiult  ill  tho  t-nlargomeul  of 
thu  tLorucic  cavity  in  thv  an- 
tero-]>oKU>rior  diameter :  and, 
fi8  the  chost,  in  coneoquoncu, 
gets  wider  from  above  down- 
ward, also  in  the  transverse 
diameter ;  which  if)  more- 
ovor  asBistwl  hy  tho  eversion 
of  thi'  lowi>r  borders  of  the 
ribs;  and.if  the  convexity  of 
the  diaphragm  were  dimin- 
ished by  ita  contraction  and 
consequent  duHCont,  it  would  follow  thnl  the  chost  would  be  in- 
creased in  the  vertical  diameter  «Ii*o.  All  ihesi"  evuals,  favoi^ 
able  to  the  entrance  of  uir.iurtually  take  place  through  agencies 
■we  must  now  consider.  Tlio  student  is  recommended  to  look 
into  the  insertion^  etc.,  of  the  muscles  concerned,  tf>  which  we 
can  only  briefly  refer. 

The  act  of  inspiration  commences  hy  the  fixation  of  the 
up|»ermost  ribs,  Ijpginning  with  the  first  two,  by  means  of  the 
acaleni  muscles,  this  act  being  followed  up  by  tho  contraction 
of  the  external  iutercostnis,  letiding  to  the  elevation  of  the 
other  ribs ;  at  tho  snuio  time,  the  urch  of  tho  diaphragm  de- 
scends in  coustfiuenee  of  the  contraction  of  its  variouB  muse 
cular  bundles.  Under  thi«e  circumstances,  the  air  from  with- 
out must  rush  in,  or  a  vacuum  he  formed  in  the  thoracic 
cavity;  and,  since  there  is  free  access  for  the  air  through  the 
glottic  oi>ening,  the  lungs  are  of  necessity  expanded.  This  in- 
going air  has  had  to  overcome  the  elastic  resifltAnco  of  the 
lungs,  which  amounts  to  about  -^  millinietrw  of  mercury  in 
mauj  as  ascertained  by  tying  a  manometer  iti  the  windpipe  of 


Piu.  300— DIaKfaiii  lUunrailnir  fk-THCI'in  of  rib* 
In  liiii|iloiItnmBArl»ril).  Thi-darli  lln«  nrp- 
rwDtUiH  nli*.iil<iruuui.aiiil  cukUI  t-'jvUliutni 
In  liui)>irUloD. 
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A  dead  sulijoct.  nnd  th«D  opening  th«  thornx  to  «<tijaUze  the 
inside  atid  uut<<iile  prawarvs,  whoa  tho  lungx  at  onoe  collapse 
and  the  niniiomutvr  shows  a 


riii>»  of  thu  uivrcury  to  thi>  ox- 
tent  indicated  above.  To  thin 
we  must  add  thu  in&u^nL-i-  of 
the  tonic  controctiun  of  thu 
bronchial  muscles  beforo  re- 
ferred to.thouRh  this  is  prob- 
aWy  not  very  great. 

That  there  are  variation!) 
of  intni|iulmonary  preesure 
may  be  ascerliiiiicd  by  con- 
nect ing  H  niHiiouioter  with  one 
notttril — the  other  beingclosed 
— or  with  the  wiiidpii«.  The 
mercury  shows  u  negative 
preosuru  with  each  inspirato- 
ry, and  a  positive  with  each 
expiratory  act.  This  may 
amount  to  from  3ri  to  TO  mil- 
limetres with  Ktrong  innpira- 
tion,  and  60  to  lUO  in  forcible 
expiration. 


ria.  IDI.  —  tllfticrunniMk  r<'pr>viiiikMi.<ii  uf 
M-thn  Ot  riMphracm  In  iii<|)lraHoa  (llrr 
itiAnm  VcrllcKl  icvtlon  UiroUKb  moond 
Kb  on  riKhi  iidr,  TiiD  bTDkro  and  dmud 
ItDM  iliDw  lb¥  nnirjuiil  of  Uir  iIkkvdi  af  iha 
(Hkphngiii  IQ  onlluur  not  ta  iln>p  Itmln- 
Uon. 


When  in!jpirution  oeasee,  tlie  elastic  recoil  of  the  rib  carti- 
lages and  the  ribs  themselves,  and  of  tlio  8t<Tiiura,  the  weight 


rr^ 


— 3 


Fta.  m-AppanUiw  u>  llluMml*  rrUUoM  .if  liMnt-tlioraolc  uid  cMcnial  iiTMnin*  Mfler 
Ikwmlil  A  (U«  hrajar  W  pnTUM  with  ■  llttlii  tiofiiier,  ilirnuali  whioli  ixun**  (mirth' 
IniKlw—f'rmtril  mil  ntllr  rr  rlmi-  ■uu:>  r'-|irrwuLliii;  litii>rii  Tln'  IMi.iuiur  iIk-  Jni  !■ 
(4iafd  by  rubber  i»ainbMIia  lupiinuntliiG  •ll<L|<liiaiiTti  A  rti.>r>-i>r)r  iiiiiiiiiiiii>Ii'r  l»ell>*ii<i'a 
Uw  lUlffPmi^  ill  prramirfi  HlLliIu  aud  wUhimt  EJi.-  imlJ-Jnr  In  Ir^n'taantl  Dinir^  il  ^1^  b>> 
■rvD  iIhii  IIi™»  |in-«iimi  »r"  i-.|Tiir ;  tn  ri|[til  ilMiilrnllmii,  IhrirTWriul  prvasiin-  nonmliji 
rwJilj  rrvAirr     Ai  oui-  (jnn  (c*i  an  vlontk:  men^Eiraiic  OUa  a  buta  lu  JM.  rrprvwuLiutf  411 
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Fio.m.-I><>na]  tVw  iif  four  wnrbn* 
uid  itirw  mrnclRil  rlh^  nbonInK 
ktlihcruiLiml  ur  L*JiTrator  uiiucIp*  of 
rllii  oiiil  kuirrvoauU*  mtiur  aiIod 
Ttiiiiiiwiiit  >■  Icoe  iWil  >li<in  fk^**' 
Iiini ;  V;  t'Ktfm&l  liil»rc<avlaj ;  a.  Id- 


of  the»e  parlfc  ami  that  of  the  attached  muscles,  etc.,  af»i.'<ts  in 

tbe  returu  of  the  chost  to  ita  original  jinsUion, eiitirely  tmlejieii- 

dently  of  thr>  action  of  muncleA, 
Moreover,  ivitli  the  dencreat  of  tlie 
diuphraiym  th«  ahdominal  viscera 
have  Ixiuii  thruift  (Idwii  mid  com- 
prc8MK]  togi-thi-r  with  tbuir  iucludvd 
gast-s ;  wbon  tliis  muBcle  relaxM, 
they  naturally  exert  au  upward 
pressure.  Putting  these  events 
together,  it  is  uot  difficult  to  un- 
derstanrl  why  tliu  air  should  be 
squeeiMHl  <itit  of  the  lungB,  the  elas- 
ticity of  whii'li  lBtt*?r  i»,  aa  we  have 
shown. ail  itiii«ir1iiiit  ractnrin  itself. 
The  MuKiles  of  ReBpiration.— Thu 
diiiphrciijm  may  he  coii&idfn-ii  lli« 
most  important  singk'  rcspinilury 
muscle,  and  can  of  ilxclf  maintain 

respiration.     The  scaUni  are  important  as  fixators  of  the  ribs; 

the/etWorej*  co«/arii»i,  and  erfrrnol  I'wf^rcti.^ta/)*,  aa  normal  wlu- 

vatora.      The    qwulrntus    lumbonim 

astnstft  the  diajihragm  by  llxing  tho 

last  rih.     These,  wnth    the  j»rmi/u« 

poriictis  superior,  may  bo  rugardud 

A8  tho  principal  iiiusi-k's  called  into 

action    in   an    onlinary    inspiration. 

Tho  muscles  uat-d  in  an  ordinary  ex- 
piratory act  are  the  interiml  inlercoS' 

tola,  the  triangularis  sterni,  and  ger- 

raltis   posticus    inferior.      In    forceii 

inspiration  the  lower  rilw  nni  drawn 

down  and  retrm^tivj,  giving  sapport 

in  their  fixed  position  to  tho  dia- 
phragm.      Thi-    fiL-aleni,    pectoraleu, 

serrutui^i    mngnus,    latissimus    dnrsi,   fit  «h. 

and  others  aru  called  into  action ;  but 

when  dyspnow  becomes  extreme,  as 

in  one  with  a  fit  of  asthma,  noarly  all 

the  muscles  of  the  body  may  be  callod 

into  play,  even  the  muscles  r»f  tho 

face,  wliirh  are  not  nonnally  active  at  all  or  but  very  slightly 

in  natural  breathing. 


I^rynitiwiip'i'  rtrwi  et 
ihi>  clilil*.  rtc.  laltpr  Ijfualu  and 
Cwrniak)  L  lAryiu  hi  tiulil 
bmtliinif  II  riiirliiicniliw  ~ 
■plnUrfd     In  Ihla  caa?  ttw  rlnfa 


r>itrlnif  atlivnln- 
■plnUrfd  In  Ihla  caa?  ttw  niifa 
nf  Ffar  (r«clva  and  conimciior 


iiii-iitnf  hrouclitaM'VMblD.  Sadi 
a  mnrllilnij  Ik  prnMaut  In  miiii; 
furam  vt  cIMMai^  In  vrhldi  rvaplT' 
atton  la  allpntlH)  irlih  ilinWiiliT 
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Facial  and  laryngfol  respiration  Is  best  seen  iii  siirh  niiimitls 
ns  the  mbbit,  anil  it  U  thin  condition  which  19  n]iiiri>!nmat«cl 
jn  disordonxl  intiitos  in  man — in  fact,  when  from  any  <uiu8e  in- 
spiration is  very  Inlxinsl  (a^thinii,  iliphthoriii,  etc.). 

Id  man  anij  mo»t  m»nmial:i,  unliko  the  frug.  the  glottic 
opening  is  nwvor  entirely  clumd  during  tiny  jMirt  uf  tho  respira- 
tory act,  though  it  uiidurgiH>s  a  rhythmicnl  change  of  size, 
wideoing  during  iniipiratiou  and  narrowing  during  expiration, 
in  accorddiico  with  the  action  of  the  muscles  attached  to  the 

•  arytenoid  cartilages,  the  action  of  which  may  be  studied  in 
man  by  meana  of  the  laryngoscope. 

The  abdominal  nuiHcle:*  have  a  powerful  Hiythinieal  action 

■  during  forcvd  respimtion,  though  whetlicr  Iht-y  function  dur- 
ing ordinary  quiet  bn^wthing  is  undoterminiKl;  if  at  all,  prob- 
ably but  slightly.  Tliough  tho  rt?movnl  of  tht-  external  inter- 
costals  in  the  dog  and  some  other  animals  reveals  the  fact  that 
the  internal  intercostals  contract  alternately  with  the  dia- 
phragm, it  must  not  be  regarded  as  alisolutely  certain  that  .inch 
is  their  action  when  their  companion  mustrles  are  prcxoiit,  for 

^ Nature  has  more  ways  than  one  of  accomplishing  the  same  pur- 
pose— a  fact  that  8oeni8  often  to  he  forguttiin  in  i-ua^oning  from 
ex[K-rim(!nls,  This  result, however,  carries  some  weight  with  it. 
L  Type*  of  Reiplratiott. — There  are  among  mamiualti  two  princi- 
PU  lyi»eiiof  breathing  recognizable — the  costal  (thoracic)  and 
abdominal — according  as  the  movements  of  the  chest  or  the 
nb<lomen  are  (be  more  pronounced. 
In  the  civilized  white  woman,  even  in  the  female  child,  the 
apper  thorax  takes  a  larger  share  in  respiration  than  in  the 
^m  male  sex.  This  has  been  explained,  on  the  one  hand,  as  being 
^f  due  to  artificial  influences,  modes  of  dress,  and  their  inherited 
effects;  and  on  the  other  to  natural  ones,  the  crowding  of  the 
^_  respiratory  organs,  owing  to  the  contents  of  the  pelvic  and 
^P  aUlominal  cavities  encroaching  on  the  thorax,  in  consequence 
^    of  the  enlnrgement  of  the  ut*r».s  during  pregnancy.     It  has, 

■  however,  lu'en  maintuinud  rucontly  that  an  examination  of 
pure-blooded  Indian  girls  docs  not  show  the  featured  of  respira- 
tion just  noticed  fis  L-huractoriatic  of  the  broathing  of  white 
females,  the  inference  from  which  is  obvious.  But,  again,  it  is 
H  to  be  remembered  that  the  Indian  and  other  women  retaining 
^  primitive  habits  possess  a  power  of  adaptation  to  the  demands 
of  the  pregnant  condition  no  longer  shown  by  white  women- 
Thoracic  breathing  in  females  is  probably  the  result  of  several 
cooperating  cau»ea,  of  which  usage  in  dress  is  one. 
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fanonal  ObiemtioiL — The  Htiidpiil  wouM  dn  wfll  nt  lliis  stage 
to  Usxl  tin-  stali-iiii'iitx  we  have  made  in  regai'd  to  th*^'  r\>itpir(i^ 
tory  movumotits  oil  the  huumii  subject  it«)i(Wiilly.  This  lie 
can  vt-rj'  wvll  do  in  his  own  jwrson  whvn  stripptKl  to  iho  waist 
before  a  mirrur.  Many  of  thu  ubuurmHlitii-s  of  tho  forced  res- 
piration of  diseaso  may  bo  imitatod — in  fact,  this  is  one  of  the 
iloiKirtments  of  pbyeiology  in  wliiob  thu  human  aspectii  may 
bo  examined  into  by  a  species  of  exjieriment  on  one's  self  that 
is  as  simple  as  it  is  valuable. 


n^L  nt.— iVofutfi  dialtri.  ■  DiArliiH  nnwiiil  llvlne  In  a  cmlinnvni*  lob*  ooiMtnu-tnl  by  iUrit 
(mtcf  fbviify}-   Tiiecnl  nijr"«'iii'  ^f'"  vxuntl>'  (nikiiirH  ii^taia]  4Ki-rTnAithmitJ(^ioj[tracl«il 

faaoAUkit  BipuulDD  of  4lilcrlor  sud  u[  boilj  ;  c  loouUi ;  d.  numacb ;  t,  uiiu ;  /, 
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Fu-aM. 


no.  »T. 


Fis.  3M— Vntlcal  truumm-  MvUon  at  trndi>w&Ur  taunrl  i^nodOni  Ihrotuili  tu'nn  lafWf 

HulCTV     y,  TVDlrhilif ;  a.  miriolu* ;  ■-.  nvtum  :  p.  (urtf^rilliiin  ;  i.  luurr.  u,  auii-r  t|i>i  1 

a'. inUbulF df  ontnii ol  Uojwiiw.  H;  /.  tool:  m.  m,  inaniJi<  ti'lmi. 
Ft*.  Mf .  -Ulll  oF  Ctb  l|afvhi.  lo  tlliutrale  nlattciu  ot  dUTrrrnr  I>lm|.ii^ar1«,  etc..  niDwmnI 

h  n«|KlF«UoD  Ofur  Belli,    .;!.  branehlsl  BnKry  :  B.  Iinneliliil  arch  awn  Id  cna»«ccU(«  : 

r.  bnuvhtkl  TsiD  1  a.  r,  bnocbcB  of  nnnry  uid  tpIu  raiK'tiirly. 

Comp&ntiT*. — It  is  hoped  that  the  various  figures  accompa- 
niol  liy  tlcv)cri)ition8,  introdiiixiil  in  this  niul  other  chapters,  will 
make  thb  relatioua  uf  tho  oit-culixtiuu  and  rtiepinitiou  in  the  va- 


in uivdik  K 

_  4M. -tHxcnun  df  aKini'o"'  inaBl  of  the  anprnduen  barlne  Inn  mnnTKl  '■flM' Huxlerl. 
A,  nieHIb  1  It.  aUiaenurr  trUL-l :  r.  wiiu ;  i}.  Iii-afi ;  r,  putiiKinarr  hc  ;  /.  podtkoi  of  xra- 
tnl  (BiwII'iniUtvt  (onl :  g.  (vrvliral  leuuiUii :  T.  trlrtun.    VII— Xl.  wmiili  to  IvmUctta 
■He    IV,  V,  VI,  bM*l>>lnt(af  pc^ipkliaudlwurollovUiipiilnut  UmlML 
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rious  classes  of  aaimulM,  whether  torrcstrinl  or  aqiiatir,  evident 
vithout  extended  treatment  of  the  subject  in  the  text.    Whut 


•dr 


-An 


nii.ua 


Ym.  Mt.— A.  rulnirmarjr  (k-.    B,  naplnuary  InUMa  of  SmrrM"  on^faniw  mtlfT  VlUuicbtrA). 
Fn>,  ilO.-  -If  rt  I'liIiDiiniiy  •■(>,  rlonrtiil  tram  dOnuJ  Mprct.  or  ■  ■plder  iBner  tiua'ai    jm. 
palnumary  laitullai :  tig.  mtm^  or  optnlof  lo  rormn-. 

we  are  deeiroua  of  itnprestiing  iit  that  throughout  the  entire  ani- 
mal kingdom  respiration  is  essentially  the  same  jirocess ;  that 


nnr;  *,  ft.  Iiniiir'lilni :  m.  imiulta  ;  i,  li.ii-uy  Jam  ;  ».  tiK-Lnni.  il,  (.[.Ti-iilw  l-ir  clll\  fuliJ 

Uolnil  l'>  IlK'XV  riL^i  liavlns  Utii  ivri-KHul,  iliw  K]M'rtur*>  nn-nw  {<i  )>•■  "ii  riKhl  loMrail  of 
lift  •Ida, 

finally  it  resolves  ilsulf  into  lissuo-brwathinc:  the  u|){jri>i]nn- 
tion  of  oxyRPn  and  the  excretion  of  carbon  dioxide.  Since  the 
manner  in  whi<:h  oxygen  is  intnxlucRd  into  the  lungs  and  foul 
giisps  ex|)i-Hi«i  from  Uuim  in  gomo  reptiles  and  arophihians,  i« 
largfly  diirtxonl  from  the  mt'thod  <if  respiration  in  the  mani- 
mol,  wii  call  attention  tu  this  proct^s8  in  an  animal  rcodJIy 
patched— thy  cuiumon  frog.  This  (.'ruaturc,  hy  dojinoising  the 
)r  of  the  month,  pnlargw!  his  air-siwce  in  this  region  and 
oonsoquently  the  air  freely  enU-rs  through  the  nostrils ;  where- 
upon tlio  latter  are  closed  hy  a  sort  of  valve,  the  glottis  opened 
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luid  UiP  (lir  forc«Hl  into  the  lungn  by  the  olnvntion  of  the  floor 
of  ttu>  mouth.  By  A  series  of  finiik  tiun'tniieiit.t  thv  dliistk-ity 
of  l]v*  Uinga  is  nidol  iu  expelliug  the  uir  through  the  now  opoii 
nostriU,  Tho  rc«|jirati(>n  of  tho  turth*  and  uomti  other  reptiles 
is  Mmowhut  similur.    In  the  case  of  uquativ  uninuUs,  both  iii- 


Fia  lit— /Mfml  vlpwof  ■Ir-nw'rTnm  of  ilueV.  •vprnnl  Inrrrlorl^:  Ali»tlu-'rn>IMlcawwllll 
ntnotpol  Ttoumi  of  truuli  lafirr  fnyi"]  i  I.  I.  uilarlur  ■■itrrinliy  .if  nmlial  mfmilra ! 
ft,  thoracic  iwrfuLr  :  ft,  Aiili-nor  iri'it'liriMriiui'l'^  mu^viilr;  4.  pnAi#rLi>r  dkto;  a>  •iMkvn^ 
hMl  mirrotr:  a.  nurmnraiu-  (.inninK  anivrlnr  ilUjihrscnMilc  rrwnvir:  b,  memhlmn* 
hvrnljiie  pcfllrtlfjr  dllU* :  it.  vtcllon  of  ThiiraoHlHlomlniil  <l[iiplinii:iii :  il.  «ubprcTc>rAj  |iro^ 
kmiiiifin  o(  Ihomdo  ravrvrdr  ;  r.  jvrlcardluin  i  f.f.  Uivr  i  u.  KULtarit ;  h.  lutntlim:  n>, 
hflftjt ;  n,  n,iipctkin  i>f  crnii  inH-iitniJ  i»ii»L-k  Abrivi^  iih  IriAHiTi^ri  ixtUt  (ti#  humvriu ;  u,  wi- 
UAor  (Ikvlcil* :  f^iiiMtvrlvr<h>li'lH  uf  tlyhl  alJu  uul  uid  lumrd  oiitwiinl. 


vi>rt«bratD  tutd  vortti)intte,  excepting  niftnimAls,  the  MolhI  iri 
freely  exijoauj  in  the  gills  to  oxygt-u  tlissolvml  in  the  watt-r  us 
it  is  to  the  same  goA  mixed  with  nitrogen  in  terrestrial  aninmlK. 
In  the  land-snail,  laml-crab,  etc.,  we  have  a  sort  nf  intemiedi- 
»to  cooditton,  the  gills  being  kept  moiat.     It  is  not  to  be  for- 
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((otten,  however,  that  normally  the  respiratory  tract  of  mom- 
tnals  is  iiever  other  thnu  tilightly  moist. 


The  Quantitt  of  Air  respired. 

We  distinguish  bt'twuoii  thr  quantity  of  iiir  that  usually  is 
moved  by  the  thorax,  and  that  whiL-li  may  be  rBBpire<I  under 
Hpe4?ial  effort,  which,  of  course,  can  never  exceed  the  capacity 
of  the  respiratory  organs. 

Accordingly,  we  recognize:  1.  Tidal  air,  or  that  which 
infim  in  and  out  of  the  respiratoi^  passages  in  ordinary  quiet 
breathing,  amounting  to  about  fiOO  vc,  or  thirty  cubic-  inchf 
2.  Cornpli'tneiilnl  air,  which  ntay  be  voluntarily  inhaleO  by 
foroud  inttpiration  in  addition  to  thu  tidal  air,  amounting  to 
1,500  cc,,  or  abont  UXl  cubic  incliL-9.  ».  Supjilrmentnl  (rrsfrre) 
air,  which  may  be  expt'lU'd  at  the  end  of  u  normal  rfspinilion 
— i.  e.,  after  the  expulsion  of  the  tidal  air,  and  which  represents 
the  Cjiiantity  usually  left  in  the  lungs  after  a  normal  quiet 
expiration,  amounting  to  1,300  cc.  4.  Residual  air,  which  can 
niit  be  voluntarily  expelled  at  all,  amounting  to  about  2,000  cc, 
or  VH)  cubic  incbeH. 

The  vital  eajmrUy  w  estimated  by  the  quantity  of  air  that 
may  be  expired  after  the  mi^t  forciblo  inspiration.  This  will, 
of  course,  vary  with  the  age,  which  dotcrmincs  largely^lie  elas- 
ticity of  thn  thorax,  together  with  sex,  position,  height,  and  a 
variety  of  other  circumstances.  But,  inasmuch  as  the  result 
miiy  bo  greatly  modified  by  practice,  like  the  power  to  ex[)and 
the  clv:.*«t,  tho  vital  capacity  is  not  so  valuable  an  indication  as 
might  at  fir»t  be  eupixised. 

It  is  impurtant  to  bear  in  mind  that  the  tidal  air  is  ecarcvly 
more  than  sufficicut  to  fill  the  upper  nir-jiassuges  and  larg 
bronchi,  so  that  it  ruquirtnt  from  five  to  ten  nwpiratioiut  to  T9^ 
move  a  iiuantity  of  air  inspired  by  an  ordinary  act.  Very 
much  must,  therefore,  depend  on  diffusion,  the  quantity  of  air 
remaining  in  the  lungs  aft«r  each  breath  being  the  sum  of  the 
residual  and  reserve  air,  or  about  3,fi00  cc.  (220  cubic  inches). 
Con.'iidering  the  creeping  slowness  of  the  capillary  circuhttiou, 
it  would  not  he  supposed  that  thft  respirator)'  process  in  its 
e8sential  parts  )<houl<I  be  tho  rapid  one  that  a  greater  move- 
moot  of  the  air  would  imply. 
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The  Rkri'iratcikv  Rhythm. 

In  man,  and  most  of  our  domestic  ninmrnals,  ft  definite  rela- 
tion betwwn  tlii<  cardiac  nml  ro^pirntory  movemouts  ubtaios, 
there  bciioj;  about  fuur  to  five  heart-beat^!  to  one  rmpiralion, 
which  would  mukt<  th«  rate  of  breutbing  in  niiin  about  sixteen 
to  eighteen  per  minute.  Usimlly,  of  course,  tho  largest  animals 
have  the  slower  pulse  und  resptrutiou  -.  tiiid  tliis  is  an  invariable 
rule  for  the  varieties  of  a  species,  us  observable  in  the  canine 
race,  to  mention  a  well-knovm  instance. 

The  rate  of  the  respiratory  movements  is  to  some  ext«nt  a 
mmwiun!  of  the  rapidity  of  the  oxidative  prooesseo  in  thp  body, 
as  witness  the  slow  and  iiitprmittent  breathing  of  cold-blooded 
o&imnls  AS  compared  with  the  luore  rapid  respiration  of  birds 
and  mnmni.'ils  (Fig.  UI3). 

Patholof[ioal.— Any  condition  that  lussens  tho  amount  of  re- 
spiratory surface,  ur  <liniinishu8  the  mobility  of  tho  cliest-walls 
is  usually  nccumpaiiied  by  aeoelorated  movements,  but  beneath 
this  is  the  demand  for  oxygen,  part  of  the  avenues  by  which 
this  gas  usually  enters,  having  been  closed  or  obstructed  by  the 
disease.  So  that  it  is  not  sur])ris)ng  that,  in  consequence  of 
the  effusion  of  tluid  into  the  thoi-acic  cavity,  leading  to  tho 
comproi««ion  of  the  lung,  the  upposite  one  shonld  be  called  into 
moro  fretiuent  uso,  and  even  enlarge  to  meet  tho  demand. 
Thow  fact«  show  how  urgent  is  the  need  for  constant  ventila- 
tion of  the  bloLid,  and  ut  the  same  time  how  groat  Is  tho  power 
of  aduptut ion  to  meet  the  emergency, 

Ttie  difference  between  the  inspiratory  and  the  expiratory 
rhythm  may  be  gathered  by  watching  the  movements  of-  the 
bnred  thest,  or  more  accurately  from  a  graphic  record.  It  is 
usually  conaiderejl  that  expiration  i.i  only  slightly  longer  than 
inspiration,  and  that  any  marked  deviation  from  this  relation 
should  arouse  suspicion  of  disease.  Normally  the  respiratory 
is  very  slight,  so  tbiit  inspiration  sei-ms  t*i  follow  di- 
on  expinition ;  though  thr  latter  act  reminds  us  of  the 
prolongation  of  tho  ventricular  systole  after  tho  blood  is  ex- 
pollctl. 

If,  in  the  tracing,  the  small  waves  on  the  upper  part  of  tho 
expiratory  curve  really  represent  the  effect  of  the  henrt-ljeat,  it 
makes  it  easier  to  understand  hnw  such  might  assist  in  venti- 
lating the  blood  when  the  respirations  occur  only  once  in  a 
considerable  intf  rval  an<l  very  fiHjbly  then,  as  in  hibernating 
uumols  or  individuals  that  have  I'lunted;  though  it  must  be 
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remembered  that  diffusion  is  a  ceaseless  proceas  in  all  living 
vertet  rates. 

It  is  scarcely  necessary  to  point  out  that  the  respiratory 


\/lAA/lAA/lA/l/l/l 


Fro.  BIS,— Tmofnra  of  rtaplrsto^  moremenla  of  Indlilduals  belongfiiK  lo  different  groujui  of 
the  aalmal  krogdom  (after  Tlianhofferl.  Dlfferencm  in  depth,  frequencr.  and  mpeclall}' 
rceul4r]tT>  are  very  notJoeAblB.  ].  ftah ;  S,  tortolHe ;  X  adder  (in  winter)  ^  4,  bodHnm- 
■cnctor  (In  aumniT} ;  B,  fros  :  S.  alligator  :  7.  lizard  ;  B.  canBrj'-blrd  :  9.  adult  dor ;  10. 
nibblt :  11.  man ;  IS,  dog;  IS.  hone.  Compare  these,  and  note  that  In  nl  nmflnSoD  k 
■hallow,  and  In  ml  deep. 

movements  are  increased  by  exercise,  emotions,  position,  sea- 
son, hour  of  the  day,  taking  meals,  etc. 
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PIO.  >lt.~-Tr*cuixHbt  rr»p[miuu  al  harm-  "ht-n  ■[  tva  auil  atu-t  L-iervlHe  (afitr  TliniiL.JT^f), 
/.  intqidimliuii  i  t^  ripfmUfJti.  .Sp4iu<*  ))i-Ertv«<(i  Trrlirnl  \hivm  HiiiicalrUini'  t^rlmln  4  if  ojji^ 
Wond  r*;h  I.  anlmiiJ  rtninllnr  ni  i-™.! ;  »,  nM-r  wMk  -if  f'-w  inimirvn;  1  nml  »,  nfwr 
tivuliw  ■  V.  ^tif-t  ■  lirtfr  n^l ;  II,  Aftrr  (n^iThi^  ikuil  running  twwiauf  mltiuUv:  17.  aner 
MrtlM  but"  IW  r»r  11  nliin  litiiL- 1  hi.  imiiau  at  end  of  i-ipFFiiiicDt. 


SMpiratory  Sonnda. — Thu  vntrniico  mill  exit  of  air  nri'  nccora- 
)>unio<)  by  cprtain  flounds,  whicli  vnry  with  imcli  jwrt  uf  the 
respiratory  tratt.  To  these  sounds  uamos  have  hooii  givtn,  but 
as  they  are  somewhat  inconstant  in  their  application,  or  at  K-ast 
hare  several  R>-noiiyina,  we  pass  them  by,  recommemlinR  the 
student  to  actually  learn  the  nature  of  the  respiratory  murmun) 
by  li.itoning  U>  the  normal  rhe<)t  in  both  man  and  the  lower  aiii- 
iuiUr.  Willi  tin-  iifL- iif  a  iioubU'»ti'thii«c"p<i  he  may  practice  uiKin 
himsoir,  though  nut  sn  iiilvaDtageimsly  n»  in  1h<^  casu  of  the  liL^irt. 

Tilt!  Hounds  nri'  i-uusml  in  part  by  the  frictioa  of  thu  air, 
though  1  hey  art-  probably  complex,  sevoral  factor*  ontoring  into 
their  causation. 


CoUPAKlSltK  UP  THB  INSPIRED   AND  EXPIRED  AlB. 

^Jie  chaoRes  that  take  i)lact'  in  the  air  respirod  may  be 
mfefly  stated  as  follows: 
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I.  Whatever  tlip  condition  of  the  iuspirod  air,  that  expired 
is  about  «utumt4^'(l  with  uqui-oiis  VApor~-i.  v.,  it  rontniiis  all  tliat 
it  is  oapaliK*  of  lioMin^;  ut  thu  existing  tciiipL'riiture. 

'i.  The  tuniperiiturv  uf  lliu  t>xpiri-d  hit  is  nbuut  thut  of  the 
blood  itself,  so  that  if  the  uir  is  vury  cold  whuu  bnsatUnd,  the 
body  loses  a  ^eat  deal  of  it»  heat  in  warming  it.  The  expirt-d 
nir  of  the  nasal  paaaages  is  slightly  warmer  than  that  uf  the 
mouth. 

3.  Exporimont  8hows  that  the  expin^d  air  is  if^nlly  dimin- 
ished in  volume  to  the  extent  of  from  one  fortieth  to  one  fiftieth 
of  the  whole,  Sinw  two  volumes  of  carbonic  «nhy<lride  requiri' 
for  their  cumpoHition  two  volumes  of  oxygen,  if  lliu  amount  of 
the  former  gas  expired  be  not  equal  to  the  umount  of  oxygen 
inspired,  some  of  the  latter  must  have  been  lujod  to  form  other 

comb innti one    ~7^>  aniotmttng  to  rather  less  than  1,  is  called 

the  renpirrvtory  eoelTu'ient. 

4.  The  ditTerenvo  between  inspired  and  expired  air  mny  be 
gathered  from  the  following : 


Inapirwloir tOflO 

Rxpirnl  air 19D88 


KHfaSMi.       CutMtdB  dlaxUs. 
TD-IOO  (HMO 

TD-M?  4-380 


From  which  the  most  important  conclusions  to  \to  drawn 
ar*,  that  the  oxpinxl  air  is  poorer  in  oxygen  to  the  uxtrnt  uf 
4  to  fi  pur  cent,  and  richer  in  carbonic  anhydride  to  somuwhat 
less  than  tbis  amount. 

From  experiment  it  has  boon  iwicertained  that  the  amount 
of  carltonic  dioxide  is  for  the  average  man  800  grammes  (MW 
litres,  equivalent  to  218'1  grammes  carbon)  daily,  the  oxygi^n 
actually  used  for  the  same  period  being  TiK)  grammes.  But 
the  variulions  in  such  cases  are  very  givat,  so  that  these  num- 
bers must  uot  be  interpri'ted  too  rigiilly.  Experience  proves 
that,  while  chemi.-«ts  often  work  in  lulx>ratories  in  which  the 
lierceutuge  of  carbonic  anhydri<le  (from  chemical  decomitnsi- 
tions)  reaches  5  ]»er  cent, an  ordinary  room  in  which  the  anKHint 
of  this  gas  reaches  I  per  cent  is  entirely  unfit  for  ocriipiilion. 
This  is  not  because  of  Ibe  amount  of  the  carbon  dioxide  pres- 
ent, but  of  other  impurities  which  seem  to  l>o  excreled  in  pro- 
portion to  the  amount  nf  thi.^  ga.*;,  so  tJiat  the  latter  may  be 
taken  as  a  measure  of  these  iwisons. 

iJNTiftt  these  are  is  as  yet  nlmot>it  entirely  unknown,  but  tl 
they  uTv  poisons  is  beyond  doubt.     Small  efTete  particles 
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onoo-livin^  protoplasm  aro  carried  out  with  tlio  breath,  Init 
these  other  suhiKtaQciM  am  gut  rid  <jf  fruni  tlic  blood  by  a  vital 
process  of  iMXTotion  (oxcrotiuii),  wo  niu.st  lioliox'o;  which  shows 
that  the  lungs  to  ttome  degree  play  tliu  jiarl  of  gltiuds,  itiid  that 
their  whole  action  is  not  to  be  exp]ain«d  as  if  thuy  wore  merely 
moistened  bladders  acting  in  occordiuic-e  with  ordinary  physical 
lawa; 

An  otftiinatioii  of  the  amount  of  atmospheric  air  required 
may  bo  calruIutiNl  from  dnti^  nlrmady  given. 

Thus,  assuming  thut  u  man  givcvt  up  at  each  brtMith  4  per 
vent  of  carbon  dioxide  to  thi>  ADO  cc.  of  tidal  nir  hi*  uxpiros,  and 
breathes,  say,  seventeen  times  a  minute,  we  get  for  the  amoimt 
of  air  thus  charged  in  one  horn*  to  the  extent  of  1  pur  cent : 

WK)  X  4  X  17  X6l>  =  a/)40.000  cc,  or  i,040  litres. 

But  if  the  air  is  to  he  contaminated  to  the  extent  of  only 
^  per  cent  of  carbonic  anhydride,  the  amount  should  equal  at 
least  2fiV)  X  10  hourly. 


BesPIRATION  IK  THB  BloOD. 


^M        It  may  be  noticed  that  arterial  blood  kept  in  a  confined 

^M    spaoe  grows  gradually  darker  in  color,  and  that  the  original 

^t     bright  scarlet  hue  may  be  restored  by  shaking  it  up  with  air. 

When  the  blood  has  passed  thi-ough  the  capillaries  and  reached 

the  veins,  the  color  lift.**  changed  t<>  a  sort  of  purph-,  cliurnct«r- 

ifltic  of  venous  blood.    Putting  these  two  UkU  together,  wu  are 

■  led  to  susjM.'ct  that  the  <;hatigu  bii»  been  cnuxed  in  somu  way  by 
oxygen.  Exact  uxperimeut;)  with  an  uppropriute  form  of  blood- 
pump  dhow  that  from  one  hundred  volumes  of  blood,  whether 
arti'rial  or  vunoiiB,  nbout  sixty  volumes  of  gaa  may  be  obtained ; 
that  this  gas  cousisLs  chioHy  of  oxygen  ami  carbunic  anliydi'ide. 
but  that  the  proportion ><  of  each  present  depends  upon  whether 
the  blood  is*  arterial  or  venous. 

The  following  table  will  make  this  clear: 


Ait«rJal  blood. 
VcnoiB  blood.. 


Oxncvn. 

Carlnnkc  uibjiMt. 

SllntlBii. 

so 

4C) 

1-3 

»-13 

*0 

1-9 

from  lOrt  voliime«i  of  blooii  at  0"  C  and  7i50  millimetre  pressnre. 

Arterial  blood,  then,  oontaimt  8  to  12  per  cent  more  oxygen 

and  about  6  per  cent  more  carbonic  dioxide  than  venous  blood. 

It  iit  not,  of  course,  true,  as  is  somutimo!  supposed,  that  arterial 
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Mood  is  "  pure  bloocl "  in  the  sense  tlmt  it  contains  no  carbonic 
anhydride,  ae  in  rwility  it  always  cttrrios  a  largo  percentage  of 
thii)  gOA. 


Fn>-  St&^Ptmitriiinmatlc  IllcolimU'in  of  l^irlwIif'A  ninriiirlnl  »;7LA^pTLin|i.  A  uxl  JV  fttv  two 
(liui  Klobm.  «inii-vif<l  >i>  atniiuc  InillnruVlx''  tni..-  i.iih  ri.ii  ..JMltst  iiIwh  Etobw, 
A'  ujd  B'-     A  In  riifth^r  coniH'ptr*!  Tiy  Mii-flri     ■■    ■■] I    ■    ^nrh  Ibi'  n'Of-Trer  '*, 

4!OnT4JlltUf  tllD  bLi>Hl  liir  otlHT    Iluiil*  !*>  Ik-  lir>:ll'  "  -I        iii<-     i<     l'^    mi    ilk^  4if  ITiL-  *l<r|>  OCK'IC 

il  ami  UiGi'  •■  Willi  Ilu-  ivi-.'iv.T  I:  fur  m.lvii.i;  iiiv  |.-:l..-  .i  mihi  h  iuv  iifai»  i-i-nuirud 
with  (MLoll  uUiiT  \iy  tnrAiiniit  til"  htnitiiitrbpi  /  nmi  tt,  ""■  tiirtT  N'lTijt  M^arrauKiHl  (hat  Jt 
•ho  (vniinunlaUH  Willi  />'  1^  tIil-  i>iiiniur  it       V  '<"1   II'  liririi;  riill  .if  lumviifT.  fcwl  llw 

<iov\t^k,f.  ^  &iih1  t1  Yjfiut:  oiH'ii,  Ijui  f  ami  u'  i']ir-"ir   ..n  rMi.in^    >  ■  1,\  iiK^ntoT  IlivpiilWy  |i 

llii-  m>-ri>tir)-  •it  A'  llll»  A.  <lrlviiiK  eml  Ilii-ulr  .-.i.i  i  !!■  .1  .i.i.  S,  niiil  -i  i.iil  lhrou«li  r. 

Wliiiii  Oi"  tnfu^itrv  hm  rJ™-"  *l->i.-  y,  /fc*  (*l(~*'i(    „i.,i  .■   

Ull  tf  In  rornplH'-tv  fllli-il  B-tlli  iiHTi'iirj-.  nil   rlii-  -n:    (r    ... 
thnnifh  r.     Uj-niji  i^lciaiiij;  'f  onrl  l4'i%'T[iitf  tf.  tlt>-  wii..i.   .1   itm 

and  ikV4i.-UulEl  L^u(l*'t)lH'lll  ly  |k  l^ljkljll>tu^il  itt  N.      lllt  1  I"-.:'. 

iiiwvrinir  A'.  4  iTU^iiiari  Jn  >jEiiniirl>  'wLiiJ>llNh'Hl  iit  A  nmi  m  inr 

If  tTi>-  crti'k  r  h<'  mur  i'p'ni*il,  lln-  tfip*!*"  "f  lli-'  Mopul  in  r'  i-kc-ri|j 

ff.     Hr  rsMiiK  -I'  ■vfi'-'  ihf  I'kmin'  or  e  (uui  i>)->»iiii:  nf  il.  I  In-  inw--  t"i  »ri  If"'  nrr  -Invi-n 

tram  ^  luto  fi.  ami  by  llii-  rikinliii:  ul  S  In.iii  fi  llirouKh  c  liiUi  U»>  mrlnvr  IJ.  f^n.llnii 

u*«ir  monniry.     (AfiM  Fiinint.i 

Tbe  Condition!  under  whioh  th«  OtMt  exist  is  the  Blood.— If  ii 
tltiid,  as  >v)itt'r,  Ln.'  exinweil  to  a  luixturL-  of  j^aeus  whicli  it  can 


i.l-in-t.  fl"  I-  IH  turn  rkbnl 

,ri    II    l.i'Jra-   itr.ii»o  alt 
<<     I '        M  A*. 

■  ■Il       1  III.  'k.and 

jijiK  LiiitL  U'i«i<^<»  .1  And  0. 
Ull.'  ritt.  »ii*-uiiiu  ol  .1  uiil 
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»>rli  tinitr-r  prwisurp,  it  is  found  that  tlio  amount  tokon  op 
i1i.<Ih<iii1hiiii  l)HM|iiaiitity  of  the  particular  xui<i  pmaeiit  iiuIiipBRd- 
i>nl  uf  thf  pr<.-?H.'iieo  nr  quantity  <>(  the  utliuru;  thim,  if  water 
be  oxpoawl  to  h  mixture  of  uxyf^nu  aud  nitrugt'Q,  thu  (fuantity 
of  Dxygi-n  HlMurbud  will  hv  tlio  same  as  if  do  nitrogen  weiv 
present — L  e.,  the  absorption  of  a.  gas  varies  with  tho  jHirtial 
prenaure  of  that  f^as  in  the  atmoHphere  to  which  it  is  ex|K>9(Hl, 
But  whether  blood,  deprived  of  its  f^asea,  be  thus  oxposttl  to 
OXygi-ii  under  pressure,  or  whether  the  attempt  be  nifido  to 
ntnovu  thi»  ga»  from  ai'torial  blond,  it  is  found  that  the  above- 
statud  law  docs  not  apply. 

When  blood  \*  phuxul  nndi^r  thi>  exhau»ttuii-ptimp,  at  first 
ver>'  littlu  oxygeu  ii^  t^ivfrn  off;  tbeu,  when  tliu  jiresiture  is  con- 
siderably rL-duwd,  the  gan  in  suddenly  liberated  in  lar^e  quan- 
tity.and  after  this  comparatively  little,  A  preeisely  analuRons 
conrsn  of  events  takes  place  when  blood  depriveil  of  its  oxygen 
il  submitted  to  this  gas  tm<ler  pressure.  On  the  other  hand, 
if  thtote  experiments  l>e  made  with  a^riiwi,  absorption  follows 
according  to  the  law  of  pressures.  Evidently,  then,  if  the  oxy- 
gvn  is  mvndy  dissolved  in  the  hlood,  such  solution  is  pHuliiw. 
atid  wu  shall  pri-«ently  .-sih-  that  this  supposition  i»  iioithm-  uecM- 
sary  nor  reusonable. 


HjSuuulubis  and  its  Derivativrk, 

Haemoglobin  constitutes  about  f^  of  tlu-  corpuscles,  and. 
tJiough  amorphous  in  the  living  bloud-cells.  may  be  obtained 
in  crystals,  the  form  of  whieh  varies  with  ihe  auininl ;  iu- 
dwil.  in  many  animals  tliis  substance  crystallizes  spontane- 
ously on  the  death  of  the  red  cells.  It  is  unique  among  slbu- 
minotia  compounds  in  lieing  the  only  one  found  in  the  animal 

tbody  that  is  susceptible  of  crystalli2ation.     Its  estimated  com- 
poMtiou  18: 
Carbon 53-85 
Hydrogtin r3« 
■           Nitrogen 1617 
B'          Oxrgen.,,.t 31-64 
P           Iron -43 
Sulphur '39 
together  with  3  to  4  per  Cfnt  of  water  of  crystallization. 
The  formula lu^ignud  is:  CrnHMoOmNiMFeSi.    The  molecular 
constitntion  i«  not  known,  mui  the  ahovo  formula  is  merely  an 
Approximation,  wliicli  will,  however,  serve  to  convey  an  idea 
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of  tbe  great  comploxity  uf  this  compound.    The  jiresence  of 
iron  seems  to  Iw  of  groat  impurtancei     If  nut  the  essential 

respiratory  cunstitaent,  cei^ 
tiiinly  the  administration  of 
thiH  metal  in  sonifi  form 
proves  very  valuablo  whim 
the  blood  is  duficiont  iu 
ha-moglobin. 

Th  i  8  xii  bstanctf  can  be 
recognizeti  most  c-ertainly  by 
the  spetJtroscope,  The  ap- 
|H>aranoefl  vary  with  the 
frtren^h  of  the  Bolution. 
and,  as  this  test  for  blowl 
(hemoglobin)  is  of  much 
practical  imp(>r1«uoi<,  jt  will 
bt*  m.vt>s«nr)'  to  dwoU  a  little 
upon  thi'  subject  ;  though, 
after  a  student  has  once  reo* 
ognized  cleArly  the  differ- 
ences of  the  siKKtIrum  np- 
pearauc(^,  ho  has  a  tturt  of 
kiiowlotlge  that  no  verbal 
description  can  convey.  This 
is  easily  acquired.  One  only 
needs  a  sninll,  tlnt-sidod  bot- 
tle and  ft  [Hickut  •  s)K<>ctro- 
Hcopo,  Filling  the  buttle 
half  •full  of  water,  and  getting  the  spectroscope  so  focused  that 
the  Frannhofer  lines  appear  distinctly,  blood,  blood-stained 
serum,  a  solution  of  hremogl obi n -crystals,  or  the  t>t<seiitial  sub- 
stance in  any  form  of  dilule  solution,  may  \>e  atliled  drop  by 
drop  till  changes  in  tho  spectrum  in  the  fonn  of  dark  bonds 
appear.  By  gradually  increasing  the  quantity.  apiH-amnctw 
like  those  figuriNl  below  may  bo  oljserx'od,  tlioui;h,  of  course, 
much  will  depend  on  the  thickness  of  the  layer  of  ilnid  as  to 
the  quantity  to  be  added  before  a  particular  band  comes  utu 
view. 

When  wishing  to  be  precise,  we  speak  of  the  most  highly 
oxidixtHi  form  of  hntmoglobin  as  oxy-hiemoglubiu  ((>-H).and 
the  reduced  form  as  hiemoglobin  simply,  or  reduced  hiemo- 
globin  (HI. 

By  a  comparisou  of  the  spectra  it  will  be  seen  tJiat  tlie  bMids 
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of  oxy-h»inoglnlihi  He  between  the  D  and  E  line*;  that  the 
loft  buid  noar  Z>  is  olwayt)  tho  most  definite  in  outline  nod  the 
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Di'Hit  pronounced  in  every  resjiect  except  hroatith ;  llmt  it  is  jn 
wtak  solutiona  the  first  to  appear,  and  the  last  tu  <ligap)M.iar  on 
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roductioii :  thnt  there  nro  two  instancos  in  which  there  may 
u  fiiu^lu  bfiud  from  hioiuuglohiu — in  thv  onv  vai^  whou  thu  m\\ 
lion  is  vory  diliitL-  unci  wliuu  it  is  vor>'  coiicontratod,  Tht-se 
need  never  be  mistaken  fur  each  other  nor  for  the  band  of  re- 
rtufcd  ha-TnoRlobui.  The  latter  is  a  hazy  broad  band  with  com- 
pnratively  indistinct  outlines,  and  darke»<t  in  the  middle. 

It  will  be  fnrther  noticed  that  in  all  thcte  instancea,  apart 
from  the  bands,  ibe  spectrum  is  otherwise  uiodilied  at  earh 
end,  so  that  tlit-  rlarkor  the  more  ci-ntrally  plntvd  cbaracteristtc 
bandK,  thu  more  is  the  light  at  the  suiut^i  time  vut  off  nt  ouch 
end  of  the  sfxjctrum. 

If,  now,  to  a  specimen  showing  the  two  bands  of  oxy-hfflmo- 
glohin  distinctly  a  few  drops  of  ammonium  sulphide  or  other 
reducinf;  af^nt  be  added,  a  change  in  the  color  of  the  aoliition 
will  result,  and  the  single  hazy  bund  characteristic  of  hti'mo- 
globiii  will  appear. 

It  is  not  to  be  8upposotl,  however,  that  venous  blood  gives 
this  spei^trum.  Even  after  nsphyxiH.  it  will  bv  difficult  to  soe 
this  band,  for  usually  some  of  the  oxy-ha-moglobin  remains 
reduct'd:  but  il  is  wi>rthy  of  note,  as  showing  that  the  upfx-ar- 
ances  are  normiil,  that  the  blood,  viewed  through  thin  tissues 
when  actually  circulating,  whether  arterial  or  venous,  gives 
tlio  spectrum  of  oxy-hiemoglobin.  At  the  same  time  there  can 
W  no  doubt  that  the  changes  in  color  which  the  blood  tinder- 
got'St  in  passing  through  the  capillnrie.t  is  due  chiefly  to  loss  of 
oxygen,  iw  evidenced  by  the  exporiinentrt  before  referred  to;  and 
thu  rua»iin  thnt  thu  two  bnnds  are  always  to  be  st^en  in  venous 
blotxl  is  simply  (hat  enough  oxy-Iiteniugiobin  remains  to  give 
the  two-band  spectrum  which  pn-vaiU  over  that  of  (redueod) 
hiemoglobin.  We  are  thus  led  by  many  paths  to  the  important 
conclusion  thnt  the  red  corpuscles  are  oxygen-carriers,  and, 
though  this  may  not  be  and  probably  is  not  their  only  func- 
tion, it  is  without  doubt  their  principal  one.  Of  their  oxygen 
they  nro  1>eing  constantly  reliftvert  by  the  tissues;  hence  the 
necessity  of  a  circulation  of  the  blood  from  a  n^spiratory  point 
of  view. 

Thuru  are  other  gn»o»  that  can  replace  oxygen  and  form 
compounds  with  hfumoglobin  ;  hence  we  have  CO-hfemoglobin 
and  NO-biemoghibin.  which  in  turn  are  rupl«<H^)  by<>xyg<'ii  with 
no  little  ditficnlty— a  fact  which  explains  why  carbonic  oxide  i« 
so  fatal  when  respires],  and.  as  it  is  a  constituent  of  illuminAt- 
ing  ga.s  the  cause  of  the  death  of  those  inhaling  the  latter  i>t 
often  not  far  to  seek.     Blood  may.  in  fitct,  Ijo  saturuUnl  with 
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Carlionit;  oxidu  }jy  allowin;?  illuminating  cas  to  pjiss  LhniUKb  it. 
wlii^u  u  clian^e  of  culor  tu  a  clien-y  red  may  be  observed,  and 
which  will  remain  ia  spite  of  prolonged  xtialnnjo;  up  with  air  or 
attempts  at  reduction  with  the  UHiial  reagents.  HjpnifigldWn 
niay  he  resolved  into  a  proteitl  (gloliiu)  not  well  «iKU-r»lo<Ml, 
and  hamaiin.  This  happens  when  the  blood  is  hoilwi  (perhaps 
al«o  in  certain  cruosuf  lightning-stroke),  and  when  strong  acids 
are  luldotl.  Hivmjitin  is  mihiMv  in  dilute  acid^  and  alkalieii,  and 
butt  then  charoctuH^tic  b-pi'ctra.  Alkaline  ha>matin  may  ht>  re- 
tlucvd;  and,  as  the  iron  can  be  separated.  resultinR  in  a  change 
of  color  to  brownish  red.  after  which  there  are  no  longer  any 
reducing  effectis,  it  would  seem  that  the  oxygen -carrying  power 
and  iron  are  associated.  This  irou-free  hiematin  ia  named 
hamatopnrjthyriu  or  htrmafoin. 

Hrrmitt  is  hydrochlorateof  lifeniatin  (Teifhmann's  crystals), 
anil  may  l>e  fornieil  by  iuUling  glacial  noetic  m-id  and  common 
salt  to  blood,  dried  blornl-clot,  etc..  and  hcitting  to  Iwiling.  This 
is  one  of  the  best  lesis  for  blood,  valuublv  in  medico-logal  and 
other  caties. 

When  oxy-h»-mogIobin  stands  exposed  to  the  air,  or  when 
diffnaed  in  urine,  it  changes  color  and  becomes,  in  fact,  another 
snhstanre — methnmoglobin,  irreducible  by  other  gases  (C'O.et*-.), 
and  not  surrendering  its  oxygen  in  vacuo,  though  giving  it  np 
to  aaimonium  sulphide,  becoming  again  oxy^hiemoglobin.  when 
fthalcon  up  with  atmospheric  air.  Its  spectrum  differs  from 
that  of  oxy-hrenioglobiii  in  that  it  has  a  band  in  the  red  end  of 
tbo  Bpoctnnn  between  the  C  and  D  lines.  Hfnnnloidin  \»  some- 
times found  in  the  body  as  n  remnant  of  old  blood-clot^.  It  is 
probably  closely  allied  tu  if  uot  identical  with  the  bilirubin 
of  bile. 

OompuatlT*. — While  htemoglobin  is  the  respiratory  agent  in 
all  the  groups  of  vertebrates,  this  is  not  true  of  the  inverte- 
bmtes.  Red  blood-cells  have  as  yet  been  found  in  but  a  few 
species,  though  hsemoglohin  doas  exist  in  the  blood  plasma  of 
several  groiips,  to  one  of  which  the  earth-wurm  and  several 
othvr  annelids  bidong.  It  is  interesting  to  note  that  the  respir- 
ator)" compound  in  curtain  f.-imilics  of  crustaceans,  as  the  com- 
mon cnib.  hurscshoe-crab  (limuhts),  etc.,  is  blue,  and  that  in 
this  substance  copper  seems  to  take  the  place  of  iron. 

Th«  Sltrogcn  and  the  Oubon  Dlozidt  of  the  Blood.— The  littlo 
nitrogen  which  is  found  in  about  equal  (luantity  in  venous  and 
arterial  blood,  swems  to  be  simply  dissolved.  The  relations  of 
carbonic  anhydride  are  much  more  complex  and  obscure.    The 
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oikIii  fnrts  known  are  that — 1.  The  qnantity  of  this  fifAS  ta  as 
irreftt  in  Hvruin  as  in  hluod,  or,  at  all  evuiitK,  the  quantity  in 
iKTum  is  very  large.  2.  The  greater  jiart  may  be  extracted  by 
ou  cxhuUKt ion-pump ;  but  a  small  percentage  {2  to  5  volumes 
per  cent)  doos  nut  yield  to  this  inetliml.  but  is  givtm  off  wht-a 
an  acid  is  added  to  tlio  !«>.>ruui,  3.  If  the  oiittro  blood  be  sub* 
ject«d  to  a  vuouutn,  thv  whole  of  tiie  COi  i»  givuu  »S. 

From  these  facts  it  has  buun  concludvd  thtit  the  groatwr  i«rt 
of  the  CO.  eristB  in  thu  pUsma,  aetjociat^'d  probably  with  tiodium 
8a]t«i,  a»  sodium  bicarbonate,  but  that  thu  oorpuiu-W  iji  eome 
way  determine  ita  reUtiotu!  of  asst)ciBtii)D  anddieassociatioti. 
Some  think  a  good  deal  of  this  gas  is  actually  united  with  the 
roil  oorpufples. 

Wn  may  now  inquire  into  the  more  intimate  nature  of  respi- 
ralion  in  tlie  bloi>d.  Froni  the  facts  we  have  stated  it  is  obvi- 
OU8  that  respiration  can  not  l)o  wholly  exjilained  by  the  Henry- 
Dalton  law  of  pmniiiircs  or  )uiy  other  pliysticii!  law.  It  is  also 
plain  that  any  t-xpliinatiou  which  loaves  out  the  principle  of 
pressure  must  bo  iiicomploto, 

While  there  is  in  oxy-hK-nioylobin  a  certain  quantity  of  oxy- 
gen, which  is  intra-molorular  and  incapable  of  rt'raoval  by  re- 
duction of  pressure,  there  is  also  a  portion  which  is  subject  to 
this  law,  though  in  a  peculiar  way;  nor  is  the  question  of 
temp^frature  to  lie  excluded,  for  experiment  shows  that  less 
oxygen  is  taken  up  by  blood  at  a  high  than  at  a  low  tempera- 
turo. 

We  have  learnod  that,  in  ordinary  it^sjiiration,  the  propor- 
tion of  carbonic  dioxide  and  oxygen  in  ditTiirout  parts  of  thu 
respiratory  tract  must  vary  greatly ;  ihe  air  of  necessity  being 
much  less  pure  in  the  alveoli  than  in  the  larger  bronchi. 

From  expurimonts  on  blood,  venous  and  arterial,  to  deter- 
mine the  conditions  of  preBsure,  temperature,  etc.,  under  which 
the  injurious  gas  is  got  rid  of  and  the  necessary  one  absorbed, 
it  has  been  found  that  the  partial  pi-essure  of  oxygen  in  the 
lungs  is  sufficient  to  bring  about  that  surrender  of  oxygen  to 
the  blood  necessitry  to  keep  it  all  but  saturated  with  Ibis  gax 
as  it  is  holievoil  to  bo ;  and  thai,  so  fjir  as  carbonic  anhydride 
is  ouncorued.  thu  same  law  holds — i.  ik,  tho  partial  preeisuru  in 
thu  blood  is  ordinarily  grofiter  than  in  iho  alvooU. 

By  means  of  an  apparatus  by  which  one  of  the  smaller 
bronchi  may  be  occluded  for  a  certain  period,  and  also  allow 
of  withdrawal  of  samples  of  the  air  in  tho  included  p«irtion  of 
lung  from  time  tu  time,  to  ascertain  its  composition,  attempts 
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ire  bpon  made  to  detenninn  th<>  pressure  relations  wHbin  an 
alviwhiH.  it  iii  maintained  that  white  the  partial  prt>sHure  of 
tho  carbonic  aiihyilnde  riww  and  of  the  oxygen  HiokH,  otill  that 
they  r^nain  such  as  to  favor  respiration.  It  is  also  found  that, 
in  tho  anpliyxin  followiiijy;  ooi^liision  of  tho  trachea,  the  tension 
of  oxy^n  in  always  f^rt>atvr,  and  of  nvrhonic  anhydrido  li-as,  in 
thE>  alveoli  than  in  tht>  bUiwl.  On  thu  othLT  hand  it  is  stated 
that  u.\y-h£emuglol>in  i^  founii  in  tho  bluud  wht'n  t'vory  trace  of 
oxysen  is  remuv«d  from  a  chambi'r  in  which  an  aspbyxiatinR 
animal  is  hreathiuc.  im>  that  it  is  artfuod  that  partial  pressures 
alone  can  not  explain  the  facts  of  i-espiration,  and  that  this 
funi'tion  is  fundamentally  a  chemical  process;  and  it  is  cus- 
tomary ti>  speak  of  the  oxygen  of  oxy-hipraoglohin  as  l)ein({  in 
a  state  of  "  loose  chemical  combination." 

The  entire  truth  seems  to  Ha  in  neither  view,  though  1>oth 
are  |wirtinlly  correct. 

Tlif  view  exprensivl  by  some  physiologists,  to  tho  efFvct  that 
dilTiiinion  explains  the  whole  matter,  so  far.  at  least,  us  carbonic 
anhydridu  is  eoiicerned,  and  that  the  cpithulial  colls  of  tho  Inng 
Lave  no  share  in  the  resjiinitory  process,  does  not  seem  to  be 
in  harmony  either  with  the  facts  of  respiration  or  with  the 
laws  of  biology  in  general.  Why  not  say  at  once  that  the  facts 
of  rt«piration  show  that,  here  as  in  other  parts  of  the  economj'. 
while  piiysicJil  and  chemical  laws,  as  ive  know  Ihem,  stand 
rolattid  to  tho  vital  processes,  yet,  by  reaeoo  of  Ixting  vital 
prfM»Mses,  we  can  not  explain  them  according  to  the  theories  of 
either  physics  or  chemistry  ?  Surely  this  very  subject  shows 
that  neither  chemistry  nor  physics  is  at  present  adequate  to 
explain  such  processes.  It  is.  of  course,  of  value  to  know  the 
circumstances  of  tension,  temperature,  etc,  under  which  respi- 
ration takes  place.  We,  however,  maintain  that  these  are  con- 
ditions only — essential  no  doubt,  but,  though  important,  that 
they  do  not  make  up  the  proceas  of  respiration.  But,  liecause 
wo  do  not  know  the  real  explanation,  let  ns  not  exalt  a  few 
facta  or  theories  of  chemistry  or  physics  into  a  solution  of  a 
complex  problem.  Besides,  some  of  th«  experiments  on  which 
the  ooncltuioos  have  been  based  are  questionable,  inasmuch  as 
they  seem  to  induce  artificial  conditions  in  the  animals  oper- 
ated upou;  and  we  have  already  insisted  on  the  blood  being 
regarded  as  a  living  tissue,  behaving  differently  in  the  body 
and  when  isolated  from  it,  so  that  even  in  so-called  blood-gas 
experiments  there  may  be  sources  of  fallacy  inherent  in  the 
nature  of  the  case. 
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Foreign  Oawi  and  R«ipiT«tiotL.-~T}iofie  Are  divided  into: 

1.  Siitliffi  niit  <i<in''s,  as  N.  II,  C'H„  whU'Ii.  though  not  in 
thoniKolvtM  itijurioii»,  arc  entirely  ii(«elc».s  to  tlip  i-amomy. 

%.  Powmoiis  ffimiwi,  fitUil,  nn  matl^T  liov  iihiinilnnt  the  nor- 
iiinl  risiiiimlory  fodii  niiiy  Ik-,  Tlicy  aro  divTsiblt-  into:  («)  th()«u 
thnt  kill  by  iIis]»liioiiig  oxyKi'n.ns  NO,  CO.  HCX;  (b)  mireotie 
gfuifs,  us  CO,,  X,0,  pr(«liicii)g  a^phyxiii  whvH  yn-iwnl  in  Iiirgf 
quant itioti ;  (p)  Tvilitfimj  gases,  us  HA(N^),S,  PH.,  AsHi,  C.Ni, 
whirh  1Mb  t]iL>  liH-mog^lobin  of  Jls  oxyguii. 

TIiiTu  aru  pnjljftbly  a  number  of  ]iui«oiions  produotti.  xouie 
uf  tliem  potwibly  gm^uii,  prr>duuod  by  thu  tii<i«iiL>)i  IhcmselvuA  and 
oliminatwl  nurmnlly  by  tliu  roHpiraUtry  tract;  and  thorn)  aro 
doubtlbistt  grt-iUly  auginciitiiil,  citlior  iti  numlwr  ur  quantity,  ur 
botli,  wbou  othtT  L'xcrL'tiiig  organs  aru  diHordvrod. 


Rkkpikatiok  in  THB  TlSHrEA. 

We  first  direct  attention  to  certain  ntriking  facts : 
1.  An  uolatud  (frog's)  mu»cle  will  contiimt>  to  coutract  for 
a  considtTrtblo  pt>riod  and  (j>  cxltale  carbou  dioxide  in  tlu-  totnl 
absi^'iK'u  of  oxyguii.  iu<  in  aa  atim'^plierc- of  liydi'i»gi.-n;  tbuugli, 
of  course,  tliL-ru  is  a  limit  to  thiin,  and  n  luusclo  to  which  cither 
no  hlood  flows,  or  only  vi-nons  bloixl,  soon  shows  sigas  of 
fatigue.  3,  In  a  frog,  in  which  physiological  saliut-  solution 
has  been  substituted  for  blood,  the  mutaboti»ni  will  continue, 
carbonic  anhydride  being  exhaiwi  m^  usual.  3.  Substances, 
which  are  readily  oxidized,  when  introduced  into  the  blond  of 
a  living  animal  or  into  that  blo(Mi  when  withclrawn  undergo 
but  little  oxidative  change.  4.  An  entire  frog  will  respire  car- 
bonic dioxide  for  hours  in  an  atmoHphere  of  nitrogen. 

Such  fiwts  as  these  sti-m  to  teach  certain  It^nsons  cloarly.  It 
is  evidfut,  first  of  all,  that  the  oxidative  processes  that  give  rise 
to  carbon  dioxide  occur  chiefly  in  the  liasuea  and  Dot  in  the 
blood ;  that  in  the  case  of  muscle  the  oxygen  that  is  used  is  first 
laid  by,  banked  as  it  were  against  a  time  of  need,  in  the  form  of 
intrA'molecular  oxygen,  which  is  again  set  free  in  the  form  of 
carbon  dioxide,  but  by  what  series  of  changes  wo  are  quite  un- : 
able  to  say.  Though  our  knowledge  of  tho  respiratory  processes 
of  muscle  is  greater  tbuu  for  any  other  tissue,  there  seems  to 
bo  no  rLiisnn  to  believe  that  tboy  ore  esaentifllly  dilTerent  else- 
where. The  advantages  of  this  banking  of  oxygen  are.  of  conrae, 
obvious ;  were  it  otherwise,  the  life  of  every  cell  must  be  at  the 
mercy  of  the  slightest  interruption  of  the  fiow  of  blood,  the 
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entrance  of  air,  etc,  Evoii  an  it  is,  thu  m_'i'il  of  m  cnitxtnnt  supply 
(if  oxygen  in  warm-l»lou(ii'd  unimals  is  mucli  gri>Ak'r  than  in 
cuM-bluoded  creatun*.  wliich  cmi  long  oucluru  almost  entire 
ceesBtion  of  both  respiration  an<i  firf;iila<i<»ii.  owing  t<j  the  com- 
pantivety  slow  rate  of  dpceil  of  the  vital  machinerj'. 

If  one  were  to  rely  on  mere  appearances  he  might  suppose 
that  in  the  more  active  condition  of  certain  organs  there  was 
le^i  chemical  interchange  (respiration)  between  the  blixxl  and 
the  tissues  than  in  the  resting  stage,  or,  pro])erly  !«|>eaking, 
more  tmnqnil  stage,  for  it  mu.'it  he  borne  in  mind  that  a  living 
c«U  is  never  wholly  at  rest;  its  molecular  changvs  are  coa«i>- 
les*.  It  happens,  e,  g.,  that  whiin.  certain  glntids  (salivary)  arc 
secreting  actively,  the  blood  flawing  from  them  is  lu^  vcuoua 
in  appcuu'Ance  than  when  not  functionally  active.  Thiii  in  not 
bocauM  lose  oxygon  is  used  or  kigs  abstracted  from  the  blood, 
but  becHOM  of  the  greatly  incrvased  speed  of  the  blood-flow,  so 
that  the  total  supply  to  draw  from  is  so  much  larger  that, 
though  more  oxygen  is  actaally  usetl,  it  is  not  so  much  missed, 
nor  do  the  greater  additions  of  carbon  dioxide  so  rapidly  pol- 
lute this  rapid  stream. 

It  is  thus  seen  that  throughout  the  animal  kingdom  respira* 
tion  is  fundamentally  the  same  process.  It  is  in  every  case 
Anally  a  consumption  of  oxygon  and  production  of  carbonic 
anhydride  by  The  individual  coll.  whothor  that  be  an  Ama*t)B 
or  an  element  of  man's  brain.  These  are,  however,  hut  the 
beifimiing  and  end  of  a  very  complicated  biological  history  of 
by  fstr  the  greater  part  of  which  nothing  is  yet  known ;  and  it 
most  1)6  admitted  that  diiTusion  or  any  physical  explanation 
carries  us  but  a  tittle  way  on  toward  the  understanding  of  it. 


Thk  Nervous  Ststkm  ix  Relation  to  RESPiBATins, 

We  have  oonsidered  the  muscuhu*  movements  by  which  the 
air  is  made  to  enter  and  leave  the  lungs  in  consequence  of 
changes  in  the  diameters  of  the  air-inclosing  case,  the  thorax. 
It  remains  to  examine  into  the  means  by  which  these  muscles 
were  set  into  harmonious*  motion  so  as  to  accomplish  the  pnr- 
pooe.  The  nerves  supplying  the  muHclua  of  n-»pii-ation  are  de- 
rived from  the  spinal  cord,  so  that  they  must  be  under  the 
dominion  of  central  nerve-cells  situated  either  in  the  cord  or 
the  brain.  Is  the  influence  that  proc'eeds  outward  generated 
within  the  cells  independently  of  any  afferent  impulses,  or  is  it 
dependent  on  such  causes  ?    Let  us  appeal  to  fact& 
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1.  If  the  phtvjnirB,  an  jntori^ontftl  nervo,  i>ic..  Iw  cut,  Ihewna 
a  corrosiKtiiilinx  iiitmlyxts  of  llio  iiiu.s<^^lt.'  suiiplit-d.  1.  If  tliL* 
spinal  conl  Ih'  divirlt^d  bvlow  tin*  mviliiUH  obluni^uta,  tliiTu  is  a 
cesaatioQ  of  nil  n-i<)>imt'jry  movvmviitti  uxcept  thoM!  uf  thu 
larynx  ami  faw",  which  iilwi  diMupiKiar  if  the  facial  and  recur- 
rent lar}TiK«?al  iutviw  bt-  dividi-<].  3.  So  loiiR  aa  the  medulla 
reiiiaiuii,  rnttpiratiun  may  eontiuue:  but  if  even  a  small  part  of 
thii*  region,  situated  Iwlow  the  vaso-motor  center  between  this 
and  thfi  rnlamti'i  .•icripturius  (respiratory  center,  nivwl  rifnl), 
bp  iiijurod,  d«ith  ensues  rapidly.  Plainly,  then,  there  are  cen- 
tral oi'Uh  which  originate  the  impulses  that  energize  the  mus- 
cles. 

It  remains  to  inquire  still  whether  thay  are  independent 
(autnmatic)  centers,  or  are  iuSuonced  by  impulses  reaching 
them  from  without.  Is  the  government  absolute,  or  subject  to 
tho  will  of  the  multitudinous  cells  of  the  organic  common- 
wotilth  ? 

Again  lot  us  nppoul  to  facts:  1.  If  one  vagus  uur^'u  he  cut, 
a  change  is  ohst-rvable  in  the  respiratory  rhj-thm,  which  is 
much  more  pronounced  if  both  nerves  be  dividefl.  Respiration 
becomes  slower,  and  the  pause  between  inspiration  and  expira- 
tion greatly  lengthened,  though  the  gaseous  iuterchangt*  re- 
mains much  as  before.  2.  If  one  suddenly  st.(-p  into  u  cold 
bath,  he  naturally  draws  a  long  breath.  Again,  the  respiration 
is  very  greatly  altcriol  in  consoquonce  of  emotional  changes ; 
indee<i.  there  is  probably  no  rhythm  in  the  body  more  subject 
to  frequent  obvious  alteration  than  that  of  respirntioti.  3. 
Stimulation  of  the  central  end  of  such  a  nerve  as  the  sciatic 
cau!ies  nutrked  change  in  the  rhythm  of  breathing.  4,  Stimu- 
lation of  the  central  end  of  the  vagus  usually  quickens  res- 
jiiratiou,  while  stimulation  of  the  c<-ntr«l  end  of  the  8U|jerior 
laryngeal  hns  the  oppositti  effect.  If  the  current  be  strong, 
respiration  may  be  arrested  in  Mich  imttance,  though  in  a  differ- 
etit  manner.  In  the  case  of  vagus  stimulation  tlie  result  is 
inspiratory  spasm,  and  of  the  superior  laryngeal  expiratory 
spasm. 

Theflft  and  a  host  of  (uhlitionnl  facts,  experimental  and  other, 
show  that  the  central   impulses  ai-o  modifidl  by  afferent   im- 
pulses reaching  the  center  through  appropriate  nerves,     More>1 
over,  drugs  seem  to  act  directly  on  the  center  through  the 
blood. 

The  vagus  is  without  doubt  Me  afferent  respiratory  nerve, 
Uiough  how  it  is  affected,  whether  by  tbw  mechanical  movement 
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of  tlio  lungs  nien'ly.  hy  the  con(Jition  of  th«  blooU  a»  reti'^rdfi  its 
conlniiit^l  giuds.  01".  as  iwems  most  likely,  by  a  cfimtHiiution  of 
cirruiitiTitaiice«<  into  which  th«He  enter  and  are  prubtibly  the 
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principal,  is  not  ^lemon^trably  cli>ar.     Wliuii  others  function  M 
afferent  uorvos,  capable  uf  muUifyiug  the  action  uf  tbu  rMpira- 
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tory  rotitor,  thoy  urn  prubnbly  uiflupiicocl  by  tho  respiratnr)' 
condition  of  tliu  Llou«I,  though  not  ntwessarily  exclusively. 

But  when  all  thu  prinL-iiml  afferent  iupuUes  are  cut  off  hy 
divitiion  of  the  nerves  reachuiR  the  reaiiiratory  center  directly 
OP  indirectly,  respiration  will  still  continue,  provided  the  motor 
nervea  and  th«  medulla  remain  intact. 

The  center,  then,  is  not.  mainly  »t  least. n  reflex  hut  uu  auto- 
matic on*.',  tliuu{;;h  its  actiuu  i»  tumlifietl  by  afferent  impulses 
rcuching  it  from  overy  (juarier.  Siiioo  rMpimtion  continues 
when  the  medulla  is  Jividod  in  the  middle  line,  yet  is  modified 
unilaterally  when  one  vagus  is  divided,  it  is  inferred  that  the 
respiratory  center  is  double,  that  each  half  usually  works  in 
harmony  with  the  other,  but  that  each  caji  ai't  indi'iH'ndently. 
Though  it  seems  clear  enough  that  tliw  rt'spirntory  ccntvr  is 
autoinntic.  and  that  it»  mrtioi)  in  modilied  according  tu  the  con- 
dition of  tho  organism  generally,  bx  communicatod  to  it  by  the 
varioUN  afferent  nerves  and  the  blood  itself,  yet  the  exact  man- 
ner of  its  Hcliuu — why  inspiration  follows  up  expiration — has 
not  been  clearly  explained.  Some  assume  that  during  expiro* 
tion  inspiratory  impul^s  are  gathering  head  and  finally  check 
i'Xpiniti<iii  by  originating  inspiration,  while  the»<;  are  opposed 
by  auotlior  process  which  ut  length  gives  riw  to  otiough  n«ist- 
anc©  to  chock  iuspiration,  and  originate  expiration;  and  this 
theory  becumes  more  complete  if  an  expiratory  as  well  as  in- 
spiratory center  be  assumed. 

We  liave  hitherto  spoken  only  of  a  single  raipirator>'  cen- 
ter in  the  moiluUa,  but  certain  experimental  facts  throw  addi- 
tional light  on  tho  subjects 

In  young  mammals — e.g., kittens — it  is  found  that,  in  the 
absence  of  the  medulla,  respiratory  movements  may  be  induced 
by  stimulating  (pinching)  the  surface,  especially  if  the  action 
of  the  spinal  cord  be  augmented  by  the  administration  of 
strychnia.  From  this  it  has  been  inferred  that  there  are  respir- 
atory centers  in  the  spinal  cord,  subordinate  to  the  main  cen- 
ter in  the  medulla.  Considering  the  imperfect  natui-e  of  the 
respiratory  act  as  thus  induced,  and  the  circumstances  of  the 
cose,  the  oonchLtion  has  the  appearance  of  being  a  little  straiuod. 
But  quite  recently  it  has  been  shown  that  in  the  adult  dog 
when  the  cord  is  severed  below  the  medulla,  and  artificial  res- 
piration maintained  for  some  time,  on  ceasing  this,  breathing 
begins  spontaneously  and  continues  for  A  considerable  period; 
and  the  expiratory  phai^e  of  respiration  in  this  casi>  is  the  most 
marked.    It  bos  b«en  argued  from  this  experiment  that  there 
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ore  Ijoth  inspiratory  aiitJ  expiratory  cenli-rs  in  the  spinal  cord. 
But,  us  w  lifivo  pointtn]  out,  on  more  than  one  occasion,  we 
niiut  nlvrnys  bo  on  our  guard  in  interpretiii|f  the  behavior  of 
omi  part  whi-ii  iuiotht*r  is  out  of  )f*-ar.  There  is  so  much  lat^'nl 
rwtjuruf,  Mj  great  a  powi-r  to  r^'^iunie  functions  norinitlly  hiiil 
aiiidc,  if  not  wholly  in  gniit  pari,  that  wtr  tdioiild  hcuitati}  ho- 
foro  infLTrini;  that  thu  spinal  ooril  usually  takcit  a  prominetit 
share  in  onyiiiaiing  the  impulsus  whifh  Kovern  respiration. 
XotwitlistandiiiK  the  suggest!  vt-uess  of  such  experiments,  we 
do  not  think  they  make  the  mudulla  appear  in  a  lejis  important 
light  as  the  |>nrt  of  the  nervous  system  dominant  in  reitpira- 
tion ;  though  thfre  may  he  nel■^■ou»  machin«ry  in  the  cord  usu- 
ally in  feehlo  action,  »U8c-<^'pt  ible  <>f  u^uming  a  rnurv  uxalted 
fuuctional  r^e  when  oci^nsion  urgently  demands  and  whuii  on- 
courag^d,  io  to  speak,  tu  do  ho,  as  iu  the  experiniunts  rt'forred 
to  aliove ;  indet-d  such,  upon  our  own  theory  of  physiological 
reversion,  would  naturally  he  the  case.  We  must,  however, 
draw  thi>  lin«  helween  what  is  and  what  may  he  in  fuiirtion. 

The  Influnce  of  the  Condition  of  the  Blood  in  Beapiration,— If 
for  any  n--is«m  the  ti.sflUfs  are  not  ri-ceiving  »  due  .<iupply  of 
ozygun,  they  mauifost  thuir  disappn>val,  tu  speak  figuratively, 
by  ropurttt  to  the  rosponsihle  eont^r  in  thu  modulla.  and  if  the 
mudulla  is  a  shnrer  in  the  lack,  as  it  naturally  would  be,  it  takes 
airriou  iiidepondently.  One  of  the  most  obvious  instaui^es  in 
which  there  is  i>sygpn  starvation  is  when  there  is  hindrance  to 
the  entrance  of  air,  owing  to  obstruction  in  the  respiratory 
Inicl, 

At  first  the  breathing  is  mondy  accelerated,  with  perhaps 
some  incrtui.'tio  in  the  depth  of  the  inspirations  {hypfrpiupn),  a 
stage  which  is  soon  sncMfOtkil  by  labiiM.il  breathing  Uiyxpium), 
which,  after  the  medulla  liiw  called  all  the  muscles  usually  cm- 
ployed  in  respiration  into  violent  action,  passes  into  convul- 
sions, in  which  every  muscle  tmiy  take  part. 

In  other  wonls,  the  respiratory  impulses  not  only  pass  along 
their  usual  paths  as  energetically  as  possible,  but  railiate  into 
unusual  ones  and  pass  by  nerves  not  commonly  thus  set  into 
functional  a<'tivily. 

It  wouhl  be  moi-e  correct,  perhaps  to  assume  that  the  vari- 
ous parta  of  the  nervous  system  are  so  HnkiHl  together  that  ex- 
cessive activity  of  one  sut  of  connections  acts  like  a  stimulus  to 
rouse  another  set  int']  action,  thu  order  in  which  this  hnpjiOQS 
diipeailing  on  the  law  of  habit — habit  personal  and  especially 
Utoesttal.     An  opposite  condition  to  that  described,  known  as 
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apncea,  may  ho  iniluccil  by  pumping  air  into  an  animal's  chpst 
very  rapidly  by  a  bellows;  or  in  ooo'b  self  by  a  succpsaion  of 
rnpiil,  deep  respirutioiia 

Aftor  cetaBiug,  the  breathing  may  be  entirely  intermpted 
for  a  briof  interval,  then  commence  very  tiuietly.gmdiially  in- 
criiuslng  to  the  normal. 

Ajmirii  has  been  interpreted  in  two  ways.  Some  think  that 
it  is  duv  to  fatigue  of  the  niiutcleit  of  respiration  or  the  rcHpiro- 
Uiry  cwnl«r;  others  that  the  blood  hiw  under  these  cin-uni- 
stances  on  exoet^sof  oxygen,  which  so  influoucunthuruspiratury 
center  that  it  is  quieted  (inhibited)  fur  n  tinia 

The  latter  view  is  that  usually  adopted :  but,  considering  that 
ajm(Fa  results  from  the  sobbing  of  i-biltlren  fnUowinc  a  pro- 
longed fit  of  crying,  also  in  C'heynw-Stokea  and  other  abnormal 
forms  of  breathing,  and  that  the  blood  is  normally  almost  satu- 
rate<l  with  oxygen,  it  will  be  agreed  that  there  is  a  good  deal 
to  be  siiid  for  the  first  view,  especially  that  part  of  it  which 
reprc^ints  the  cessation  of  breathing  as  owing  to  excessive 
activity  and  exhaustion  of  th«  respiratory  center.  Wo  find 
such  a  calm  in  asphyxia  after  the  convulsive  storm. 

Is  it,  then,  the  excassive  accumulation  of  carbon  dioxide  or 
the  deficiency  of  oxygen  that  induces  dyspn(JB8  f  Considering 
tliat  the  former  gae  acts  as  a  narcotic,  and  does  not  induce  con- 
vulsions, even  when  it  constitutes  a  large  percentage  of  the 
atmosphere  breathed,  and  that  the  need  of  oxygen  for  the  lis* 
sues  is  constant,  it  certainly  seems  most  reasonilble  to  conclude 
that  the  phenomena  of  dyspnma  are  owing  to  the  lack  of  oxy- 
gen cbielly.  at  least,;  th(mgh  the  preflenre  of  nn  excess  of  c»r- 
bouic  auliydride  may  take  some  shore  in  arousing  that  vigorouH 
effort  on  the  )>art  of  the  nervous  system,  to  nwtore  the  func- 
tioim!  eiiuiHbrium,  so  ■■vi'l<-iit  itnd>r  lli<'  rircumjitancos, 

Tha  Cheyite-Stokei  Beipiration  iFhenomeoon).— There  is  a  form 
of  breathing  occurring  under  a  variety  of  abnormal  circum* 
stAHCOs,  in  which  the  respirations  gradually  reach  a  maximum 
(dyspn'ea),  and  then  as  gradually  decline  to  ah»olute  cessation 
(apnten).  The  jiniise  may  last  a  Burjirising  length  of  time  (one 
half  to  three  iiuarters  of  a  minute),  when  this  form  of  breathing 
again  rep«'iit*i  itself.  It  has  been  ctimiwrifl  io  the  iH*riodic 
grouping  of  heart-beats  (Luciiini  gTttU[w),  <x;curring  when  the 
organ  is  suffering.  There  is  abundant  cause  usually  for  ex- 
haustion of  the  center,  on  account  of  disordered  blood  or  an 
insufHciont  supply  to  the  brain,  Tliit<  phenomenon  and  apntBa 
bring  out  clearly  the  rhythmic  character  of  thu«io  processes, 


THB  KBSPIRATORT  STSTBM. 


309 


liko  rpspimtinn,  which  in  the  nature  of  the  case  mtutt  be  in 
thu  hi^hor  gri»ip»  <if  vertebrates  treoseless,  iind  it  in  not  8iir)>ris> 
iDK  that,  liko  a  Uuno  tiog,  which  prf>ferR  progressiou  hy  throo 
legs  to  none  at  all,  th(>  ovop-iw-tivo  renti.T  will  kccji  up  its  rhythm 
as  long  at)  it  i-un — pt-rfi-ctly.  if  [lossiblu.  iukI,  if  not  porfi-clly,  as 
well  as  it  can,  Wv  nuiHii  to  imply  that  its  action  must  be 
rhythmic,  or  cease  vntiruly. 


The  BprECTS  op  Variations  in  the  Atuosphekic 

PREUWURB. 

Tlieae  depeml  in  great  part  upon  tlii-  eudilonnees  with  whirh 
the  change  is  made.  When  an  individual  ascends  a  high 
mountaia  or  riaes  in  a  balloon,  parts  in  cuntoct  with  the  air 
become  Pttldened  and  swollen,  owing  to  the  distention  nf  the 
small  vettsels,  which  may  result  in  hjemorrhagea.  There  is  dif- 
ficulty in  breathing,  the  respirations  l>ecome  more  rapid,  as  also 
the  pulsa  If  the  lowering  of  pressure  amounts  to  from  one 
ihini  t«>  one  half,  the  (jtiantity  of  oxygen  in  the  blood  is  dimin- 
ished, and  the  carbon  dioxide  iniperfoclly  excreted.  Owing  to 
the  fxc««H  of  blood  in  the  xuperflc-ial  pnrt«.  tlio  intertial  organs 
become  antemic, and  there  i»  consi^uently  diminished  secretion 
of  urine  and  a  viiriety  of  other  dit^ttirbancus,  with  guuural  weak- 
neaa.     The  blood -presau re  is  also  altered. 

Sudden  <liminiition  of  pressure  gives  rise  to  a  liberation  of 
ga<*— t'hiefly  nitrogen — within  the  blood-ve-ssels,  which  causes 
death  by  bIoi:king  Ihe  circulation  in  the  small  vessels  (lienco 
aim  the  danger  from  section  of  a  largo  vein  in  surgical  oporo- 
tii'Tui  about  the  nock,  the  air  being  liable  to  bv  8uck«d  in,  owing 
to  the  negative  pressure). 

Increase  in  the  atmospheric  pressun-  when  not  very  great 
gives  rise  to  symptoms  akin  to  those  of  narcotic  poisoning; 
but  when  the  incrwiso  amounts  to  twenty  atmospheres,  animals 
die,  as  if  asphyniated,  with  convulsions.  Neither  the  assump- 
tion of  oxygen  nor  the  separation  of  carbon  dioxide  takes  plnce 
to  the  usual  ext«nt;  and  it  is  interesting  tn  note  that  micro* 
organisms  are  killed  under  similar  circumstances. 

With  considerabh'  diuiinutiun  of  pressuir.  though  not  suf- 
ficient to  loud  to  a  fatal  result,  symptoms  the  upposite  nf  those 
described  aljove  occur.  Thus,  there  is  paleness  of  the  surface, 
respiration  is  easy,  the  capacity  i>f  the  lungs  is  inci-eused.  owing, 
it  is  thought,  to  the  greater  descent  of  the  diaphnigm,  in  c<in- 
Sequeoce  of  the  compression  of  the  gases  of  the  intosUue&j 
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Urino  Is  sccr«t«d  in  cxccois,  there  is  moro  muscular  onprgy,  and 
the  mL'tiibolisiii  of  tbo  buily  goncrolly  is  accvlemtud.  Air  under 
alturtx}  pruHsuro  hiui  bix<u  vmployt^i)  an  a  therapeutic  ag<ent,  but 
a  little  ruflootion  will  muki>  it  cleiir  tbat  it  is  a  remedy  to  b«j 
usRfl  with  th<-  groutest  euro,  t>spuciully  wheu  there  is  disease  i 
the  heart,  bluod-vussols,  etc. 

The  iNFLfESCE  OF  Respiration  on  the  CiftccLATioN. 

An  examioation  of  tracings  of  the  intra-thoracic  and  blood- 
prosaure,  taken  simultaneously,  shows  (1)  tliat  during  inHpira- 
tion  the  blond -preseure  rises  and  the  intra- thoracic  pressure 
rails;  i'i)  that  durinf;  expiration  the  reverse  is  true;  and  (i)  that 
Ihi'  lioart-beat  is  slowed,  and  ha«  a  deridpd  effect  on  the  form 
of  tin*  pul«-.  But  it  also  nppfiira  that  Ihe  |H>riod  of  lii({hi<st. 
blrtod-prossuro  is  just  after  ezpinitioti  hac  be^uu. 


-V^ 


Flo.  KID     Trarlne*  of  hlonl  |imurT  hihI  lacralhnnirlo  prnBurv  iafi«r  Vominy     a.  blood- 
firvwritv  rraL'liii;  HfKmlFit;  IrFvtfiilATlrk-*  i1u'~  Ur  nApLralkiii  and  pulvt^ :  b.  l-iiti*  ot  liMr^a 
Un>rjn*ii'  i>t'-mn>r'-  ,  *    tj'^L'i'ir^lr'if  <^f  fciu*|>lnitJuli ;  *.  erf  vxtilrm^HkrL     IiilraIJih4i'n<<u-'  |jrt«fiui«1 
1*  «n<ii  l»  rlv  n^ii'ijjr  attrT  iiiH|jlrKil'iii  t^em/nm,  aiuI  Ihiqi  AlinwEj  ninkn  m  ibw  tiptrMOf^j 
blait  omillniHii,  to  b«Kiiiw  a  npul  (>Ji  hIidd  Uuiplrkiloii  ln|lui 

Wi-  must  now  altt-mpt  ti>  i>xp1ain  how  thoso  changes  are 
brought  about.  By  intra-thoracic  pressure  is  niijant  the  press- 
ure the  lungs  exert  on  the  costal  pleura  ur  any  organ  within 
the  chest,  which  must  differ  from  intra-pulmonnry  pressure 
and  the  pressure  of  the  atmosphere,  iiecausf  of  the  reeistance  , 
of  the  InngH  by  virtue  of  their  own  elasticity. 

It  hiiit  been  noted  that  ovpit  in  death  the  lungs  remain  par* 
tinlly  di»limdwl;  ami  that  whiui  tho  thorax  is  openiMl  tliw  (mU 
monavy  collajiso  which  follows  demunstratos  that  tlioir  elii 
ticity  ainimnt)*  to  about  livo  niillimetn-s  of  mercury,  which'' 
must,  of  course,  ruprusont  but  a  small  portion  of  that  chwtivity 
which  may  bo  bmuiiht  into  jtlay  whi-n  thcw  organs  ore  gn-atly 
distended,  so  that  they  novcr  pross  on  the  cosUU  walls,  hourt, 
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nih  a  pressure  equal  to  that  of  the  wtiimsplHjre.  II  follows 
tluit  the  deeper  the  inspimtion  tl»i  grwitcr  ihn  liitTwa-uof  bo- 
twooD  tlio  iutra-thoncic  auil  tb»  utmoxpliiiric  pressure.  Eveu 
in  expimtion.  (.'xc-opt  when  forcud,  the  intra-thorttcic  preesure 
remaias  less,  for  tho  samt'  rL-ason. 

Theisi-'  coDiiitions  must  have  an  indueace  on  the  heart  and 
hlood-vetaiels.  Bearing  in  mind  that  the  pretiHure  without  is 
practically  constant  and  always  fH'eater  than  that  withhi  the 
thorax,  the  oonditioni)  are  favornhle  to  the  How  of  blood  toward 
tho  hntrt.  As  in  inspiration,  tlio  prossun:  oti  th(<  f;n.>ut  vuins 
niid  the  hoftrt  is  diminisht-il,  and,  as  tbeso  organs  aiv  nut  ri};td, 
tht-y  tt^'hil  to  expand  within  thi<  thorax,  thus  favoriuK  t^n  on- 
ward tli.>w.  But  tho  opposite  vffect  would  follow  as  regards  the 
\etrge  arteries.  Their  expansion  must  tend  to  withdraw  hlood. 
During  expiration  the  conditionB  are  reversed.  The  elTects  on 
the  great  veins  can  be  obsf-rved  by  laying  them  hare  in  the 
ueok  of  an  animal,  when  it  may  he  seen  that  during  ini^piratioa 
tbey  bvcome  jnrtially  colhipi^od,  and  riifilk'<l  during  expiration. 
In  consoqaence  of  tliv  marked  thickmvts  of  the  coats  of  tho 
great  arteries,  the  t-fft'ct  of  changL>s  in  iutra-thoracic  pressure 
must  be  slight.  The  comparatively  thin-walled  auricles  act 
somewhat  as  the  veins,  and  it  is  likely  that  the  increase  of 
pressure  during  expiration  must  favor,  ao  far  aa  it  goes,  the 
cardiat'  systole. 

More  hlood,  theu,  entering  the  right  side  of  the  heart  dur- 
ing inspimtioii,  iiion;  will  be  thn^wn  into  the  systemic  circula- 
tion, unless  it  bi<  rvtaim^'d  in  the  lungs,  and,  unless  tlit-  elTect  be 
counteracted,  the  artorial  prutjiure  will  risu,  and.  as  all  the  fou- 
ditions  are  reversed  during  expiration,  wb  look  for  and  fiud 
exactly  opposite  results.  The  lungs  themselves,  howuver,  must 
be  takfin  into  the  account.  During  inspiration  room  is  pro- 
vider) for  an  increased  quaatity  of  hlood,  the  resistance  to  its 
flow  is  lessened,  hence  more  blooil  roaches  the  left  side  of  the 
heart.  Tlio  itnninluUr  uffcct  would  be,  notwithstanding,  some 
diminution  in  the  quantity  flowing  to  the  left  hoiirt,  in  conso- 
qnence  of  the  sudden  widening  of  the  pulmonary  vessels,  the 
reverse  of  which  would  f<ilIow  during  expiration;  hwnce  tho 
period  of  highest  intra- thoracic  pressure  is  after  the  onset  of 
the  expiratory  act.  During  inspiration  the  descent  of  the  dia- 
phmgni  compressing  thR  abdominal  organs  is  thought  to  force 
on  blood  from  tho  abdominal  veins  into  the  thoracic  vena  cava. 

That  the  respiratory  movement*  do  exert  in  .lome  way  a 
pronounced  offvct  on  the  circulntiou  the  student  may  demon- 
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'etrate  to  himself  in  tli«  followmfj  waya :  1,  After  a  full  in^pIrA- 
tidii,  close  the  glottis  mitl  attempt  to  expire  forcibly,  k<a-|iiiig 
the  fingers  on  the  radial  artery.  It  may  be  noticed  tlmt  tlio 
pnlse  is  modified  or  jHissihly  for  a  moment  disappenrtt.  s,  Rp- 
vor»ij  the  pxppriment  hy  tryinR  to  inspire  fnrrilily  with  rliwtl 
glottis  wftt-r  ti  stnMiK  pxpirjition,  vrUvu  the  jmlse  will  iij^iiiii  }h- 
found  t(i  vary.  Jii  the  first  instAiioe,  tli«  htuirt  »»  coniimrativi?- 
ly  empty  niid  Lanip4.irod  in  it«(  Action,  intra-thoracio  pri.'sanre 
heinn  so  Kri-Mt  an  to  ])ri'vi'iit  thu  mitramx-  of  venous  hlood  by 
compression  of  the  hpnrl  «ud  vi-ins,  while  that  already  within 
the  itrgan  and  retarning  to  it  from  the  lungs  soon  passes  on 
into  the  general  system,  hence  the  pulseless  condition.  Tho 
^plniiatioii  is  to  be  reverse<l  for  the  second  case.  Thf  heart'* 
boat  is  modified, probably  reilexly,  through  the  carilio-inhibitory 
center,  for  the  changes  in  the  pulse-rate  do  not  occur  when  the 
vagi  nervejt  are  cut,  at  least  not  to  nearly  tlie  »nmo  extent. 

Comparative.— It  may  he  )«tiitL-d  that  the  cardiac  phenomena 
referred  to  in  this  auction  aro  much  more  marked  in  some  ani- 
mals  than  in  others,  Vury  little  change  may  be  observed  in 
the  pulse-rate  in  man,  while  in  the  dog  it  is  ho  decided  that  one 
observing  it  for  the  first  time  might  supfKise  that  such  pro- 
nounced irregidarity  of  the  hmrt  was  the  result  of  disease; 
though  even  in  thi^  nnimul  there  are  variations  in  this  rospect 
with  the  breed,  age.  etc. 

We  must  now  direct  attentiou  to  certain  facts  which  have 
been  very  <iiffprGntly  interpreted. 

During  artificial  respiration,  when  air  is  pumped  into  Uie 
chest  by  a  liellows,  it  follows,  of  course,  that  all  the  usual  press- 
ure conditions  are  reversed — e,  g.,  the  iiLspiratoi'y  pressure  is 
greater  than  the  expiratory. 

If  iirlificial  ren]iiratioii.  in  an  aiiinml  untier  exporiment,  he 
stopped,  it  may  be  noticed  that  there  is  at  first  a  st«ady  rise  of 
blood-pressure ;  but  presently  certain  undulations  in  tho  respir- 
atory tracingH  may  be  observed,  known  as  Traube-Hering 
curvr-s;  and  these  will  apjteiir  even  when  the  vagi  nerves  are 
cut,  and  disappear  only  with  the  fall  of  hlood-pretisuro  that 
ensues  with  the  exhaustion  of  the  animal. 

If  the  spimd  con!  Im.s  been  rlivide<l,  the  tracings  may  still 
bo  obtained,  though  the  eftVict  is  not  so  marketl.  Thwo  are  the 
phenomena,  but  there  is  much  divergence  of  opinion  as  to  their 
cansB.  Some  maintain  that  mechanical  effects  sufHoo  t«  explain 
them,  though  the  majority  am  not  of  this  opinion,  but  believe 
•hem  due  to  rhythmical  variations  in  the  caJibur  of  the  artori> 
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oIm  affpcbm]  llirr>ii^h  vnsu-moU^r  ni'rros  in  obeilience  to  the 
mcdnllaiy  center  which  oporattw  by  Ibuir  ogeiicy;  and  thnt 


rm  MIk— Ttiutiijc*  a(  blood-tMaanirr  In  rabbit  In  shuw  TTautic-IIcrliic  curvn  I  nftif  Fcsleri. 
Ttie  irldtsl  iindulalloii*  nuTlvaU>  Tmiilni  IlrrlUE  oiirvn ;  ihwr  iH^i  iu  itu-.  cffeeU  of 
cwplratkui :  mhI  (ha  (mallMi.  •■(  tlii-  |iiiii>r. 

when  this  cent<!r  is  (iisabled  its  subordinntcst  in  the  spinal  cord 
take  npon  thorn  thu  Uusk.  It  has  »l8i>  bwn  auggcsti'd  llint  Uiprc 
may  lie  a  locivl  viiso-motor  niL<chHni»m  (w;(*d  upun  by  tlio  ve- 
nous blood  or  that  lh»>  mu»oli--cells  thumsulvos  amy  be  inilu* 
dncod  by  thu  unmttural  ronditioa  of  the  blouil  in  ur'iihyxia. 

ThftflG  curves,  however,  also  apjiear  during  ri'Spiration  that 
deviates  but  little  from  the  n<irmal. 

It  is  to  lie  borne  in  mind  that  (he  trnrinfirs  on  whicli  we 
hnve  iiasud  our  reasoning  do  not  represent  what  takes  place  in 
rrery  mode  of  brenthing.  The  subject  is  one  of  great  com- 
plexity. Doutitless  niei'-lmnicdl  explanations  Ro  a  lonjj  way 
luTe.  but  they  an*  wi  mixed  np  willi  fiu-tors  that  jilay  a  part 
mon>or  Ims  prominent.  lbuuu:h  diHioult  U)  ifolnto  iu  individual 
insttuiccs,  and  in  no  vriHu  to  be  explained  tut  other  than  vital 
effix'ts,  that  one  must  exL^rci^e  tliu  uHual  caution:  the  more  so 
as  it  is  found  upon  nvlual  experimuut  thnt  the  outcome,  o» 
rcjgards  blood-pr(^«Hurw,  i»t  not  ulways  (|uito  what  would  have 
been  expected,  reasoning  from  the  principles  of  physics  alone. 

That  there  are  rhythms  within  rhythms  in  the  vascular  and 
respiratory  eystt-m,  rendering  the  subject  complex  beyond  the 
power  of  experiments  fully  to  unravel,  ii«  a  conviction  that  we 
think  will  deei>en  in  the  minds  of  phy^iologistc 
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The  RtiplntUoii  uid  dnnlatlon  la  Aiphyxto.— A  most  instnic 
ive  pxiwriuifiil  may  be  ammjifej  tlius: 

Let  aa  aniesthetizeil  rabbit,  cat,  or  nuch-liko  anininl,  tiavo 
tho  carotid  of  one  side  conin*ct<?d  with  a  f;;la!iH  tube  as  lK*foro 
dwcribod  (jMig*'  '^21*),  by  which  the  lilooil-prpssum  and  its 
cliaiiKO»  may  be  iiulicnttid,  and,  when  tho  normal  rc*[»init<>ry 
nets  havd  bwn  carefully  ubiserved,  procot'd  to  imticu  tlie  vffL'L'to 
on  the  blood-pi'ossutt'.  etc.,  of  [luiiijiiug  air  iiito  th«  cbe«t  by  a 
IjpHows.  of  hiiuK-riiii^  tho  iiigri<.s»  of  air  to  a  nuKluratu  dt*grw>, 
and  of  stnifigliiiK.  With  a  «mall  auimal  it  wiU  bo  difficult  to 
observe  the  respiratory  t-ffocta  on  the  blood-pressure  by  simply 
watching:  the  osriltationH  of  the  fluid  in  the  Rla8s  tube,  but  this 
is  readily  ennui^h  made  out  if  more  elaborate  arrangements  be 
made,  so  that  a  graphic  tracing  may  be  obtained. 

But  tho  main  ovouts  of  asphyxia  may  bu  woU  (perhaps best) 
studied  in  (his  manner  : 

Let  the  trachea  bo  occluded  {ligatured).  At  once  the  blood- 
presaure  will  be  seen  to  rise  and  remain  oluvat«d  for  some  time, 
then  gradually  fall  to  zero.  These  ohanges  are  contcmporaae- 
ons  with  a  series  of  remarkable  matiifestatioos  of  disturbance 
in  tho  respiratory  system  as  it  at  first  appears,  but  in  reality 
duo  to  wide-spread  and  profound  nutritive  disturbance.  So  far 
as  tho  breathing  is  concerned,  it  Tuay  be  seen  tti  become  more 
rapid,  deeper,  and  laborwl,  in  which  the  expiratory  phitso  bt-- 
comvs  more  than  propoi-tiouubly  markud  (dyspnoea) ;  thiK  in  fol- 
lowo'l  by  tho  gnulual  action  of  other  muscles  than  thoM>  usually 
omployed  in  ruiipiration,  until  the  whole  body  passes  into  a  ter- 
rible convulsion — a  muaclo-storra  in  consequence  of  a  nerve- 
storm.  When  this  has  lasted  a  variable  time,  but  usually 
about  one  minute,  there  follows  a  period  of  exhaustion,  during 
which  the  subject  of  the  experiment  is  in  a  motionless  condi- 
tion, interrupted  by  an  occasional  respiration,  ill  which  tnspi- 
mtion  is  more  pronounceil  than  expiration;  and,  finally,  tho 
animal  quietly  stretches  every  limb,  the  sphincters  are  rolaxivi, 
there  may  bo  a  discharge  of  urino  or  fu>cofi  from  peristaltie 
movements  of  tho  binddor  or  intestines,  and  death  ende  a  strik- 
ing scene.  These  events  may  be  classified  in  three  stages, 
though  the  first  and  second  t'specially  merge  into  one  another: 
I.  Stage  of  dysputsa.  2.  Stage  of  convulsions.  3.  Stage  of 
exhaustion. 

It  is  during  the  first  two  stages  that  the  blood-preasure  rises, 
an<l  during  the  third  thiit  it  sinks,  due  in  the  first  instjiuoc 
chiefly  to  excessive  activity  of  tho  vaso-motor  center,  uud  ia 
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isecond  to  its  exhaustion  uiid  tho  ireRkbiiin^  of  the  boort- 

These  violent  movomtmls  are  owing,  we  repeat,  t«  the  action 
of  blood  deficient  in  oxygen  on  the  respiratory  center  (or  cen- 
ters).  leading  to  inordinate  action  followed  by  exhaustion. 

The  duration  of  the  ataRRs  of  asphyxia  varies  with  the  ain- 
mal,  l>nt  rarely  excwds  five  minutes.  In  this  connection  it  may 
bo  notc<l  that  newly-born  animals  (kittens,  puppiett)  bear  im- 
mersion in  water  for  a*  tinich  as  from  thirty  to  fifty  minutes, 
wbJloun  adult  dog  dies  within  four  nr  five  niiitut«.-<.  This  U 
to  bo  oxplnitiod  by  the  feehle  metabolism  of  new-born  mam- 
malt),  which  so  slowly  uses  up  tho  vital  nir  (oxygen). 

If  tliu  choKt  of  an  animal  )k-  opouod,  though  the  rt'spiratory 
moscles  contract  as  usual  then'  is.  of  course,  uo  ventilation  of 
the  longs,  which  lie  collapsed  in  the  chest;  and  tlif  animal  dies 
abi3Ut  as  ijuickly  as  if  its  trachea  were  occluded.  It  passes 
through  all  the  phases  of  asphyxia  as  in  the  fonner  case ;  but 
additional  informatii>n  may  be  ifained.  The  heart  is  seen  to 
beat  at  first  more  quickly  and  forcibly,  later  vigorously  though 
slower,  and  finally  both  feebly  and  irregularly,  till  the  ventri- 
ck*.  then  the  left  auricle,  and  finally  the  right  auricle  cense  to 
beat  at  all  or  only  at  long  intciTaK  The  terminations  of  the 
gnat  veins  (representing  the  sinii^  ifno&iiM)  beat  last  of  nil. 

At  death  the  heart  und  gn.'»t  veins  are  much  dii^tended 
with  blood,  the  artorics  comparatively  empty.  Even  aftor 
rigor  mortis  has  set  in,  the  right  heart  is  still  much  engorged. 

These  phenomena  are  the  result  of  the  operation  of  several 
causes.  The  increasingly  venous  blood  at  first  stimulates  the 
bnart  probably  directly,  in  part  at  least,  but  later  has  the  con- 
trary effect.  Tho  nutrition  of  the  organ  suffers  from  tho  do- 
gradol  blo"""],  from  which  it  must  needs  derive  its  supplies. 
Till'  cardio-iiihibitory  center  probably  has  n  large  shore  in  the 
slowing  of  tho  heart,  if  not  aUo  in  quickening  it.  Whether 
the  accelonitor  fibers  of  the  vagus  or  sympatbotic  play  any 
part  is  uncertain.  The  increase  of  peripheral  resistance  caused 
by  the  action  of  the  vaso-motor  center  makes  it  more  difficult 
for  the  heart  to  empty  its  left  side  and  thus  receive  the  venous 
blooi]  as  it  pours  on.  At  the  same  time  the  deep  inspirations 
(when  tho  chost  is  nnopene«l)  favor  the  onflow  of  venous  bhxwl; 
aiul  in  any  caw  the  wln)le  venous  system,  including  the  right 
hMrt,  tends  to  iK^cume  «ngorged  from  these  several  causes  act- 
ing togetlier.  The  heart  givi-s  up  the  struggle,  unable  to  main> 
t^n  it,  but  not  so  long  as  it  can  beat  in  any  part. 
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The  share  which  the  elasticity  of  the  arteries  talcM  in 
forcing  on  the  blood  when  the  heart  ceases,  and  the  contraction 
(if  the  nnis(--ular  coat  of  tht>se  vessels.  eKpeciitlly  the  snialler, 
musT.  not.  be  left  out  of  the  account  in  explaining  the  phenom- 
uiiii  of  iiriphyxia  and  the  post-viortevi  apjKiarances. 

PathologicaL — The  importance  of  beinp  practically  as  well  u» 
theurcliciilly  Hi^quainttnl  with  thi-  faci.sof  aiipbyxtn  is  vcrygrwit. 

The  appeuruiico  of  the  iicnrt  und  venous  systoin  gives  une- 
Quivocal  evidence  fu<  to  the  niotlu  of  dcuth  in  any  case  of  as- 
phyxia ;  and  the  contrast  botwoon  tho  heurt  of  an  animal  bled 
to  doutli,  or  that  has  died  of  a  lingering  diiieaHe,  and  one 
ilrowtied.  hanged,  or  othenris**  anphyxiated,  is  extronio. 

We  strongly  recommend  the  student  to  asphyxiate  Bomo 
smull  inammni  placLsl  umk-r  the  inlluciico  of  an  unii'a'thelic, 
and  to  note  tho  phouomena,  prefcrubly  with  the  chest  ojienLid; 
and  to  follow  up  thest'  observations  by  others  aflor  iho  ousot 
of  rigor  mortis. 


Pkcuuar  Rkspiratory  Movkmrsts. 

Though  at  tirst  sight  thc^e  soem  so  dilTurvDt,  and  aro  so  as 
rogartls  acts  of  ux]irt>ssioii,  yet  from  the  respiratory  jioint  of 
view  they  resemble  tiacli  other  closely;  they  are  all  reflex, 
and,  of  course,  involunterj-.  Many  of  them  have  a  common 
purpose,  either  the  better  to  ventilate  the  lungs,  to  clear  them 
of  foreign  bodies,  or  tn  prevejit  their  ingress. 

C(iHtjhiuij,  in  which  such  a  iitn-|X)SO  is  evident,  is  mode  up  of 
several  oxpiralory  efforts  pnveded  by  au  iuspimtory  act.  Tho 
nffcrent  nerve  is  usually  the  vagus  or  laryngeal,  but  may  be 
one  or  iiioro  of  several  others. 

The  ghittis  pi'eseiits  chiiracteristic  api)earanee8.  being  closed 
and  then  opcneiJ  suddenly,  the  mouth  being  kejit  ojieii. 

Coughing  is  often  induced  in  attempting  to  examine  the  ear 
with  instruinentH,     (Reilex  act.) 

Ijii'ghiiitj  is  very  similar  to  the  last,  so  far  as  the  boharior 
of  the  glottis  is  concenied,  though  it  usually  acts  more  rapidly, 
of  course.    SfiVeral  expirations  follow  a  deep  ins))irat  ion. 

Crtjing  is  ossentinlly  the  same  as  lauglung.  but  the  facia) 
oxpre?<siuii  is  iliiTeruut.  and  the  lachrymal  gland  functions  exces- 
sively, though  with  some  persons  this  occurs  during  laughter 
also. 

SoJibhitj  is  made  up  of  a  series  of  inspirations,  in  which  tho 
glottis  is  [>arlially  closed,  followed  by  a  deep  expiration. 


THE  RESPIBATOSY  SVSTEBL 


40T 


Vatvning  involvos  a  (loop-drAwn,  elow  irispirntion,  followod 
t)y  a  nion>  suddeu  L>xpiratioii,  with  a  woll-knuwri  dc|)r<:-:<»iuii  of 
the  lower  jaw  aod  usually  strotcliiug  movummiK 

Sighing  is  much  like  the  precoding,  though  the  mouth  is  not 
openeci  widely  if  at  all,  nor  do  the  stretching  movements  com- 
monly occur. 

Hiccough  iR  produced  by  a  ftuddeti  inspiratory  t^fFort,  tliotigli 
fruitletts.  ina-tmuch  as  the  glottis  is  suddenly  closed.  It  is 
spoken  oriis  x|i)L'<m  of  tlio  diaphragm,  and ^hen  long  contintiod 
U  vi'ry  t'!cliaudiivi% 

Sneezing  in  thu  ruitult  of  &  powerful  and  Huddvn  expiratory 
act  followiug  a  dc«p  inspiration,  the  mouth  bt^ing  usually  closed 
by  the  anterior  pillars  of  the  fauceti  against  the  outgoing  cur> 
rent  of  air,  which  then  makes  its  exit  through  the  nose,  while 
the  glottis  is  forcibly  opened  after  sudden  closure.  It  will  be 
noticed  that  in  most  of  these  act«  the  glottis  is  momentarily 
closed,  which  is  never  the  case  in  mammals  during  quiet  res- 
piration. 

This  temporary  occlusion  of  the  rcspii-atory  pnsstigi^'s  per- 
mits of  a  highiT  intrapulmonnry  pressure,  which  is  very  elToct- 
tvu  in  di^iariiig  the  passages  of  excess  of  mucus,  etc.,  when  the 
glottU  i»  suddenly  opened.  Though  the  acts  de!^.-nbed  are  nil 
involuntary,  they  may  most  of  them  be  imitnti^d  and  thus 
studied  deliberately  by  the  student.  It  will  also  appear,  con- 
sidering the  many  ways  in  which  some  if  not  nil  of  them  may 
be  brought  about,  that  if  the  nieiiullary  center  is  responsible 
for  the  initiation  of  them,  it  must  be  accessible  by  numberless 
pntlis. 

Comparatire.— Few  of  the  lower  animals  cough  with  the  same 
fucility  as  man,  while  laughing  is  all  but  unknown,  crying  and 
sobbing  ntn*.  though  the  whining  of  dogs  U  allied  to  tlie  cry- 
ing of  huuiiiu  Ireings. 

Sneezing  seems  to  bo  voluntary  in  some  animals,  as  sqnir- 
rele,  when  engogi'd  in  toilet  operations,  etc. 

Barking  is  voluntary,  und  in  meclianism  re.sombIe«  cough- 
ing, the  vocal  eonls  being,  however,  more  definitely  employed, 
as  aim  in  growling. 

Batvfing,  neigh  ing,  braying,  etc.,  are  made  up  of  long  expira- 
tory acts,  preceiled  by  one  or  more  inspirations.  The  vocal 
cords  are  also  rendered  tense. 
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Special  CoNsiuERATiofrB. 

Pathological  aod  CliniraL— Tho  Qumbpr  of  diseaaee  that  leasen ' 
the  amount  uf  iivailuble  pulmonary  tissue,  or  batn])er  the  move* 
tnvnte  of  the  chest,  are  many,  and  only  the  briefest  reference 
can  bo  made  to  a  few  of  them. 

Injlammaiion  of  the  lung»  may  render  a  greater  or  less  \x>r- 
tion  of  one  or  both  lungs  solid;  inflammatioD  of  tho  jiUura 
(pleuritis,  plfurisy)  \iy  thu  drynt-ss.  pain,  eU.<.,  may  restrict  tho 
thoracic  movements;  phth  isis  may  solidify  or  <-xc-avate  thu  lungti, 
or  by  pleuritic  inflnuimation  gluo  the  coatjil  and  pulmonary 
pleural  surfaces  together ;  bronchitis  clog  the  tubes  and  other 
air-poswiges  with  altered  secretions ;  emphysema  (distention  of 
air-CL'lIs)  may  destroy  elasticity  of  parts  of  the  lung;  /iH^imo- 
thorax  from  rupture  of  the  lung-tissue  and  ron»equeut  oocuiuu-, 
lation  of  gitses  in  tho  pleural  cavity,  or  pleurisy  with  offusic 
render  one  lung  nil  but  usolt-s^  from  pri-^^^iiru.  In  all  i-uch 
cases  Nature  attonipts  to  niakt*  up  what  is  lost  in  amplitude  by 
increase  in  rapidity  of  tlit-  n-spiratory  movements.  It  is  inter, 
esting  to  note  too  how  tho  othur  lung,  in  diseased  conditions,  if 
it  remain  imafl'ected,  enlarges  to  compensate  for  the  loss  on  tho 
op]H)9itc  «ide.  When  the  muscles  are  weak,  especially  if  there 
ho  hindrance  to  the  entrance  of  air  while  the  thoi'acic  niovc- 
munts  are  marked,  there  may  be  bulging  inward  of  tho  iut«r- 
oostal  spacOM. 

Normally,  this  would  also  ooeiir,  as  tho  intro-thoracic  press- 
ure is  less  than  tho  atmosphLTie,  wore  it  not  for  the  fact  that 
ttie  intercostal  muscles  when  contracting  have  a  certain  ro««i- 
ing  power. 

The  imperfect  rosinration  of  the  moribund,  permitting  the 
nccQmuIation  of  carbonic  anhydride  with  its  soporific  effects, 
smooths  the  tlescent  into  the  valley  of  the  sha4]ow  of  dcitth ;  eo 
that  there  may  be  to  the  uninitiated  the  api>enranco  of  a  suffer- 
ing  which  dnes  not  exist,  consciousness  itself  being  either 
wliolly  or  piirtially  absent.  TIio  dyspna-a  of  aiifomic  persons, 
whether  from  sudden  loss  of  blood  or  from  imperfect  renewal 
of  the  hsemoglobin,  shows  that  this  substance  has  a  respiratory 
function ;  while  in  forms  of  cardiac  disease  with  regurgitation, 
etc,  the  blood  may  be  imperfectly  oxidized,  giving  rise  to  la- 
bored respiration. 

Persooal  Observatioa. — As  hinted  from  time  to  time  during 
the  treatment  of  this  subject,  there  'm  a  large  number  of  facts 
the  student  may  verify  for  hiniMjIf. 
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A  simplp  n-»y  of  piyiviii^  that  COt  ii*  c-xhnlod  is  to  breathe 
(blow)  into  a  vcs8o)  DODbiiniiig  souiu  cloiir  sulultuii  of  quick- 
lime  (CaO),the  turbidity  showing  tbatun  iiisolubloxalt  of  linii- 
(OaCO,)  liaa  been  fonned  by  the  addition  of  this  gaa 

The  functions  of  most  of  the  respiratory  muscles,  the  pho- 

inomena  of  dyspntra,  apnnvi  ( by  a  series  of  long  breaths),  partial 

asphyxia  by  huldinft  the  breath,  and  many  other  exporiinonts, 

simple  but  convincing,  will  occur  to  the  student  who  is  willing 

to  ItwrQ  in  this  way. 

The  ubeorvation  of  respiration  iu  a  dreaming  animal  (dog) 
will  Ebow  how  mental  occurrences  affect  the  respiratory  center 
in  theatwencpof  all  the  usual  outward  influonces.  Therespira- 
tion  of  the  domeslic  animals,  of  the  frng,  turtle,  snake,  and  iish 
are  easily  watched  if  thoso  cold-blooded  animals  he  placed  for 
obMirvitti'in  beneath  a  glass  vessel.  Their  study  will  icach  how 
manifold  ui-o  the  ways  by  which  the  one  end  is  attaint-d.  Com- 
pany- the  tracings  of  Fig.  313. 

KTOlation. — A  study  of  embryology  shows  that  tlio  respira- 
tory and  circulatory  systems  develop  together;  that  the  vascu- 
lar system  functions  largely  as  a  respiratory  system  also  in  cer- 
tain stages,  and  remains  such,  from  a  physiological  point  of 
view,  throughout  embryonic  life. 

The  changes  that  take  place  in  the  vascular  system — Iho 
"'heart,  exi*i-4^ially — of  the  mammal  when  tlu'  lung^  have  bucome 
fonctionaUy  active  at  birth,  show  how  one  set  of  organs  modi- 
fies the  other. 

AVhen  one  oonsiders,  in  addition  to  these  facts,  that  the 
I'digeertivo  as  well  as  the  vascular  and  respiratory  organs  are 
reprcviented  in  one  group  of  structures  in  a  jelly-fish,  and  that 
the  lungs  of  the  mammal  are  derived  from  the  same  mesoblast 
^M  gives  rise  to  the  digestive  and  circulatory  organs,  many  of 
the  relations  of  these  systems  in  the  highest  groups  of  animals 
become  intelligible;  but  unles.i  there  be  descent  with  mndifura- 
tion,  these  fact.4,  clear  enough  from  an  evolutionary  standptiint, 
are  isolated  and  out  of  joint,  bound  together  by  no  commou 
principle  that  satisfies  a  philosophical  biology. 

It  has  been  found  tluit  in  hunting-dogs  and  wild  rabbits  the 
vagus  is  more  efficient  than  in  other  races  of  dogs  and  iu  rab- 
bits kept  in  confinement;  and  possibly  this  mayin  part  account 
for  the  greater  speed  and  especially  the  endurance  of  the 
former.  The  very  conformation  of  some  animals,  as  the  grey- 
hound, with  his  deep  chest  and  capacious  lungs,  indicates  oa 
unusual  respiratory  capacity. 
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Thu  law  of  hnhit  ie  woU  illustrahHl  in  tho  caw  of  divers,  who 
ran  l»t*ar  deprivation  of  air  loiiRep  than  those  unaccuslonied  to 
such  snhmi-rsion  in  water.  Greater  toleration  on  tho  pari  of 
the  respiratory  i-enter  has  prnliably  ninch  tn  do  with  tho  caBe, 
though  douhtless  toany  other  departures  from  llie  normiU  occur, 
either  independently  or  correlated  to  the  chau]^  in  tho  roftpiro- 
tory  center. 

Bommaiy  of  the  Phyiiology  vf  Beapiration. — Th«  purpose  of 
rL-pinitiuti  in  nil  niiiiiiikls  \%  to  fnmi^li  oxv^ku  for  the  tissues 
and  rumovi'  tho  fdrlnmic  anliydridt*  they  produce,  which  in  all 
vert^bratuM  is  iicroniplished  by  tliv  uxposure  of  the  blood  in 
capillaries  to  the  atmospheric  air,  either  free  or  dissolved  in 
water.  A  luombrane  lined  with  cells  always  intervenes  between 
the  capillaries  and  the  air. 

The  air  may  be  pumped  in  and  out,  or  sucked  in  and  forced 
out. 

He«piration  in  tha  Mammal.— Tho  air  ent*'r»  tlio  lungs,  owing 
to  tho  t-'nifirymiicnt  of  tho  olict-I  in  three  dirvclioas  by  the  action 
of  certain  muscles.  It  leaves  the  lungs  because  of  their  own 
elastic  recoil  and  that  of  the  chest-wall  chiefly.  Inspiration  is 
active,  expiration  chiefly  passive. 

The  diuphra^ni  is  the  principal  muscle  of  respiration.  In 
some  animals  there  is  n  woll-mar]<e<I  fncinl  nn<l  laryugonl  as 
well  as  tUonu-io  rc»ipiration.  Respiration  iit  rhythmical,  con- 
sisting of  inni>iration,  succeeded  without  appreciable  pause  by 
expiration,  tlie  latter  being  in  health  of  only  slightly  longer 
duration.  There  i.i  also  a  detinitfl  relation  between  the  number 
of  rospi rations  and  of  Iiejirt-beatH.  According  as  res]iiratii)n  is 
normal,  hurriod.  labored,  or  interrupted,  we  diiscrihe  it  as 
mpnaa,  hyperimim,  dyiipnira,  and  njm<KU.  Tho  intrn-thonicic 
pressure  is  never  oi[Ual  to  llm  atmospheric — i.e..  it  is  always 
negative — except  in  forced  expiration;  and  the  luugnttn*  never 
oollapseil  80  long  as  the  chest  is  unopene<!.  The  expired  air 
differs  from  that  inspired  in  being  of  the  temperature  of  the 
body,  saturated  with  moisture,  and  containing  about  4  to  S 
per  ctMit  les8  oxygen  and  4  per  cent  more  carbonic  anhydride, 
besides  certain  i  ri<l  iff  front  ly  known  bodiett,  tUe  result  of  tissud 
metabolism,  excreted  by  the  lungs. 

Tho  4uautity  of  air  actually  moved  by  a  respiratorj-  act.  as 
compared  with  tho  total  capacity  of  the  respiratory  organs.  i» 
small ;  hence  a  groat  part  must  be  pla>-cd  by  diffusion,  The 
portion  of  air  that  can  not  be  removed  from  the  luiiga  by  any 
respiratory  effort  is  relatively  large. 
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19  oiislotiiary  to  diatiD^uish  tidal,  cnmpiementary,  sn])j)l«- 
meiitary,  ami  ref<i'lual  air, 

Tlio  vitftl  capacity  is  e8timnt«(l  by  tlie  (]iiaiitity  of  uir  llie 
respfnilory  orffiins  can  iiiovo.  and  is  v(<ry  varialik-. 

Till-  blu<^id  is  the  n-spiratory  liHsuo,  tlu-DUgli  the  nu-diation 
|0(  it«  red  c-olls,  by  tlio  hti'inuKl'^^^i'i  t'>i-'y  cuiitaiii.  Tliis  nub- 
stAnco  is  a  ft'rrugiiiuu>>  prulmd,  ('ii]iublu  of  L'ry«tallizatioi),  and 
aHsumiDg  uudcr  i-humicul  tnjatmt'iit  many  uiuditicatioiia.  Wlicn 
it  cuiitainsaU  tla- oxygon  it  t-un  rutaiti,it  is  said  to  bo  satiirat€-d, 
and  is  callt<<l  oxy-ha'inoKlobiD,  in  which  form  it  exi-sts  (with 
some  reduced  hEemoglobin)  in  arterial  blfKxl,  and  to  a  li-«Ktir 
extent  in  venous  blood,  which  diffi-rfl  from  arterial  in  llii'  i-L-la- 
tive  proportions  of  bn-nioglobiii  (ivduced)  it  t.-onluini<,  lu*  viewed' 
from  the  respiratiTry  standpoint, 

Oxy-liwnioglobin  does  not  assiimp  or  part  with  its  oxygen, 
acconling  to  tho  Munry-Dalluii  law  of  prcssuni;,  nor  is  this  gas 
in  u  statu  of  ordinary  ilmmical  combination.  It  is  found  that 
Oiu  oxyg<«n  twisioa  of  Iht-  blood  is  lower  and  that  of  t-arbonic 
anhydride  higher  than  in  the  air  of  the  alveoli  nf  the  lun^, 
while  the  same  may  lie  said  of  the  tissues  and  the  blo(Ml  re- 
spectively.    This  has  beoa,  however,  recently  n^ain  deiiiwd. 

Respiration  is  a  vital  process.  thuuKb  certain  physical  con- 
diliims  (temperaturo  and  pressure)  must  be  riRidly  maintained 
in  onler  that  the  gaseous  interchanges  shall  take  place,  Ites- 
piration  U  always  fundamentally  bound  up  with  the  metabo- 
lism of  the  tissues  themselves.  All  animal  cells,  whether  thoy 
vxist  as  unicellular  animals  (Ania-ba)  or  as  the  components  of 

iplox  orgaui!,  usu  up  oxvf^en  and  produce  curbuiiic  dioxide. 

airatory  organs,  usually  so  called,  uml  the  respiratory  tissue 
par  ejrwBcnw  (the  blood)  are  only  supplementary  jnt-chunisras 
to  facilitate  tissue  respiration.  Carbonic  anhydride  exists  in 
blood  probably  in  combination  with  sodium  .lalts,  though  tlie 
whole  matter  is  very  obscure. 

Respiration,  like  all  the  other  functions  of  the  body,  is  con- 
trolletl  l»y  the  e^-ntral  nervous  system  throuyh  nerves.  The 
rnvdulln  oblongata  is  chiefly  concerned,  and  «siH!cialIy  ono 
muitl  part  of  it  known  as  the  respiratory  center.  It  is  possi- 
ble, ovon  probable,  that  there  are  .subordinate  centers  iu  the 
conl.  which,  under  peculiar  circumstances,  a.<3unie  importance ; 
but  bow  far  they  act  in  concert  with  the  uiudnllary  center,  or 
whether  they  act  at  all  when  noriaal  conditions  prevail,  is  an 
0[K'ii  ijueslion. 

The  vagus  is  the  principal  afferent  respiratoiT'  norvo.    The 
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offoront  norvos  ftr©  the  phronics,  intorcostals,  and  olhers  Bnpply- 
ing  tlie  vurious  musok's  usud  iu  mDvinjj  tho  chest-wiills,  ete. 

The  respimlory  conter  is  automatic,  but  its  actioo  is  suit-! 
ceptihie  uF  nioiliti(.-atiua  through  nfFereut  inflaencoti  taking  a 
variety  of  patlig.     The   respiratorj-,  vaso-motor,  ami  ciiriiio- 
inhiliitnry  centers  seem  to  act  eomewhat  in  concert. 

Blood -pvatiiu re  is  being  constantly  modilied  by  Iho  respira- 
tory act,  rising  with  iuj^piration  and  sinking  with  i-xpimtion. 
In  souif  Hnimnl:^  tho  liej»rt-l»eat  also  varicn  with  these  phasee-, 
of  respiration,  bucuuiing  sk>w  Olid  irregular  duriuK  expiration. 
Into  the  causation  of  thme  changes  both  mechanical  and  nerv- 
ous factors  ent4?r,  and  make  a  very  complex  mesh,  which  we 
can  at  present  but  imperfectly  unravel.  When  the  acit>ss  of 
air  .to  the  tisaiiea  is  prevented,  a  series  of  stages  of  respiratory 
activity  and  decline,  accompanied  by  pronounce*!  change  in 
the  vascular  system,  are  passed  through,  known  as  asphyxia. 

Three  stages  are  distinguishable:  one  of  dyspnn*ft,  ono  of 
convulsions,  and  ono  of  exhaustion — while  at  tho  same  lime 
there  is  a  rise  of  blood-pre»8ure  during  tho  first  two,  and  a 
decline  during  the  third,  ncuompaniod  by  marked  alterations  in 
the  cardiac  rhythm. 


PEOTECTIVE  AND  EXCRETORY  FDNCITOira  OF  THE  SKIN. 

As  has  been  iutimntod  from  time  to  time,  thus  far,  as  a 
result  of  the  metabolism  of  tho  tissues,  certain  products  require 
constant  removal  from  tho  blood  to  prevent  poisonous  effect* 
These  substances  are  in  all  probability  much  more  numerous 
than  ])hysiological  chemLitry  has  as  yet  distinctly  recogniwd 
or,  at  all  events,  isnhLt;e<l.  Quantitatively  considered,  tho  moKt 
imix)rtiuit  are  carbonic  anhydride,  water,  urea,  and,  of  less  im- 
portance, iK'rhaps,  certain  salts. 

In  many  iiivertelirntcs  nnd  in  all  vertebrates  several  organs 
take  part  in  this  work  of  elimination  of  waste  products  or  puri- 
fication of  the  blood,  ono  set  of  which — the  respiratory — we 
have  just  studied ;  and  we  now  cuntlnue  the  consideration  of 
tho  subject  of  excretion,  this  term  being  reser^-ed  for  the  pro- 
cess of  separating  harmful  products  from  the  blood  and  diB- 
charging  them  from  the  body. 

Wo  strongly  recommend  the  student  to  make  the  study  of 
excretion  comparative  in  the  sense  of  noting  how  ono  organ 
mgaged  in  tho  process  supplements  onotlior,    A  dcnr  under- 
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idlng  of  this  n-lntioti  cvoii  to  ilotiiiLs  miikus  tho  prtictico  of 
lioiuo  moru  Hck'iitific  mnl  [jructically  L'ffectivv,  uud  gives 
physiology  greater  breadth. 

Thu  skiu  hmi  a  triplo  function:  it  is  protective,  Dxcretory, 
sensory,  and,  we  may  add,  nutritive  (absorptive)  and  respira- 
tory, especially  in  some  Kfoupa  of  animals. 

A.s  a  si-nsory  organ,  thn  skin  will  rei-fuvo  nttcntion  laU-r. 

Protective  Fuoctioa  of  the  Skin.— Comparative. — Among  niuiiy 

groups  of  iiivi'itcbnit'^  lli'-  iirincipjil  use  of  the  oxtt-rior  ciivcr- 

in^  of  th«  body  i«  muuifesUy  [irott'Ctiou.     Amoug  these  forms, 

an  interottl  skek'tou  being  ubsont,  thtj  exo-slceleton  is  developttl 

.  exteniHlly.  und  survoa  not  only  for  protection,  but  for  the  ut- 

'  tofhment  of  muHcIeK,  as  ewa  m  crustaceans  and  insects.     But 

this  part  of  the  subject  is  too  large  for  detailed  treatment  in 

such  a  work  as  this,  l^irning  to 
the  vertebrates,  we  see  scales, 
bony  plates,  feiithors.spin<>B,  hair, 
etc.,  most  of  thorn  to  l)e  regarded 
ns  mmlifi  cations  of  the  cpidcrmts, 
nhvtty»u«oful.  and  fa'queutly  also 
ornamental. 

Primitive  man  was  probably 
much  more  hirsute  than  his  mud- 
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em  representativi' ;  and,  though  the  human  subject  is  at  prcB- 

,  eiit  provided  with  u  skin  in  which  pruti*otivo  functions  are  at 

their  lowest,  still  the  opidormis  dot-s  svrve  such  a  purjiose,  as 
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all  have  soiiif  (imo  rcuilizLMl  whun  it  has  been  accidentally  le- 
moveil  by  blisiiTius.  L't<?. 

Taking;  the  structure  of  the  skin  of  man  as  rc]irc»eiit  iuK  t  hat 
of  mammalo  j^enenilly,  certain  points  daim  attention  fniiu  the 

pliysioltitfinl.     It*  clufilic- 

ily,  the  fuilurt-  uf  which 

'^"  ■-•j^'  in  old  ayi'  ucoouuls   for 

i|    I  wrinkles  ;   itB    epiilcmial 

"  '    ~  '  "'  covering,    made     up    of 

DU»iori)U8  layers  of  cells; 
itti  i-oilul  and  spiral* 
ly  IwiHl*-"!  Biidoriforous 
glnads,  ]>L-nuil1  ing  uf 
movemonts  of  thv  aiaa 
n-ilhout  liitnn  to  these 
litructuri-M;  it«  huir-folU- 
cles  and  aseoriatod  nobs- 
ceous  K^and!),  the  fatty 
secretion  of  which  keeps 
the  hair  and  the  ^kingen- 
ondly  soft  and  pliable. 

The  muscles  of  the 
skin,  which  t-ither  muvc 
it  as  a  whole  cpr  erect  in- 
dividual hairs,  play  an 
imjiortoat  part  In  modi- 
fying vxpreiwion,  well 
even  in  the  whole  canim- 
tribe  aud  nuiuy  others. 

There  are  suvtral  mod- 
tfiontioiis  of  the  sebaceous 
ghmdi*  that  furnish  hi({h- 
ly  odorifenms  Mvn'tiomi, 
an  in  the  civet  cat,  the 
skunk,  the  miudc  -  doer, 
and  many  lower  Torto* 
brates.  In  some.  tho«» 
are  pr»)t««tiv«  (skunk) : 
in  otheni.  though  they 
may  not  1»p  atrreeable  In 
the  sense*)  of  man,  they  are  donhtless  attnictive  to  the  fenialeH 
of  the  same  tribe,  and  are  to  be  regarded  us  inijKirtnnt  in 
"  sexual  selection,"  being  often  confined  to  the  mulu«  uluua. 


Pin.  m.  -Hair  mill  hnir  f'-lllr'lr  Btln-  Sa|>I>^)'  I. 
pxil  o(  liiilf  ;  V.  iMiili  'if  li»ir  -.  i.  Inl-rnol  imil- 
■Jintlli :  \  iiiriiiliriinr  ('[  halt  fiiIllL'1"  :  n.FJilrnial 
RitfiiibnuiH  4if  fnlUi'lr  :  7.  7,  minmlar  i«n4s  at- 
UpIiihI  III  riillii'lK  :  H,  '.  I'll  fill  II  i'4  »(  liaiiil*  vaut 
liMC  ''>  Hliln  '  tV  c^nkp"iiiiil  ■•'tpitr^'i.iiii  cluiil.  wirh 
iliHTi  ilOi  xiH'nlni;  imo  ufqitr  iblril  i^f  liilllrlv:  II. 
■Implo  tvlAei.-oii«  tfluhil ',  IS.  obv^ilnE  of  luUt^fol- 
Uclo. 
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Bar-^oxand  tin*  KviWrniun  t^-crotioit  nri<  thv  work  uf  modi- 
fied sobAceous  KlamU;  as  also  tlu-  oil-glands  «o  Inglily  di'VulopwI 
in  birds,  especially  aquatic  forms,  of  wliicli  ihusi'  cptfatures 
make  great  use  in  preserving  their  feathers  from  wuttiug. 


The  Excrbtort  Function  of  thk  Skin. 

Sweating  in  man  has  Twen  studied  by  inclosing  the  greater 
pari  of  the  body  or  a  single  limb  in  a  caoutchouc  ur  other  form 
of  ini  per  meal  lie  covering  and  exposing  thp  subject  to  various 
degrws  of  heat ;  but,  ajHirt  fi-om  errors  in  collectiug,  weighing, 
etc.,  such  .'*weiitiug  must  1k>  n-gardcfl  as  somewhnt  abtiormnl. 

It  is  clmr.  however,  timt  tlic  (juantity  of  matter  di:4churgl^d 
through  the  skin  is  large — groutor  than  by  the  lungs  (about  us 
7  to  11),  though  Iho  amount  is  very  variable,  depending  on 
the  degree  of  activity  of  other  related  excreting  cirgano.  as  the 
limgs  and  kidneys,  and  largely  upon  the  temperature  as  a 
physical  condition. 

When  the  watery  vapor  is  carried  off,  before  it  can  con<ion9e, 
the  per^pimtion  is  said  to  he  inaensilile  ;  when.*"»iftil  di-oplett 
become  v-i.^ible,  sftisiblr.  As  to  wbettier  the  one  or  the  otiiei- 
Is  predominant  will,  of  course,  depend  on  the  rapidity  of  ro- 
uewitl  of  the  air.  its  humidity,  and  itn  temperature.  Apart 
from  the  temiHiraturo,  the  amount  of  sweat  is  intlueuced  by  the 
quality  and  quantity  of  food  and.  ospeeinlly,  of  drink  taken, 
the  amount  of  exercLie,  and  psychic  conditions;  not  1^  speak 
of  the  effi>ct  of  drugs,  poisojis.  or  discMHC. 

Perspiration  in  man  is  a  clear  fluid,  uioslly  colorless,  with 
a  chnrttctoristic  odor,  devoid  of  morphological  elements  (except 
epidermal  scales),  and  alkaline  in  reaction,  [t  may  be  acid 
from  the  admixture  of  the  secretion  of  the  sebaceous  glands. 

Its  Solids  (less  than  3  per  cent)  consist  of  sodium  salts, 
QOfitly  chlorides,  cholesterin,  neutral  fats,  and  traces  of  urea. 
"The  acids  of  the  sweat  belong  to  the  fatty  series  (ae«tie,  buty- 
ric, formic,  propionic,  caprylic,  caproic,  etc,). 

P&thologicoL— The  sweat  may  contain  blootl,  proteids,  abuu- 
dance  of  uiiti  (In  cliolera),  uric  a<-iil,  oxalates,  sugar,  lactic  acid, 
bile,  indigo  niui  >>llier  pigiuenls.  Many  im'ilicines  are  elimi- 
nutval  in  part  Uimugb  the  skin. 

B«ipiimtion  1>y  tliD  Bkln. — Compar&tiTS.— In  reptlk-s  and  batra* 
chians,  with  smooth,  moist  akin,  the  respiratory  functions  of 
this  organ  are  of  great  imiK>rtance;  hence  these  animals  oin 
live  long  under  water. 


iU 


AKIMAI.  PnYSIOLOQT. 


It  la  cslimadxl  tliat  in  lliu  frug  tlie  groator  part  of  the  car- 
f>oiuc  anhydridu  of  tlio  bo<ly-wa«t«  in  uliiuiuutud  by  tho  skin. 
Certaiuly  frogs  cau  livt*  for  day«  iiunu<rs<^"i  iu  u  Uuik  suppliwl 
with  ruuiiing  wrattT ;  and  it  iu  n  signitic-ant  fact  that  in  this 
animal  the  ve8ei>l  that  gives  rise  to  the  pulmonary  artery  sup- 
plipft  also  a  cutaneous  branch. 

TliE^  re^spii'atory  capacity  of  the  nkin  in  man  and  most  mam* 
miils  is  ('oniparalively  Hmall  niulor  ordinary  cii'curaslAiioea. 
Thv  amount  uf  ciirlxmic  anliydride  thus  climinat^il  in  twenty- 
four  lioui'v  ill  mail  is  t^'Stimatvil  at  itut  moru  than  Id  grammtM. 
It  vurios  gri'iitly,  howuvur,  witli  t^mpLrtiluif,  fxiTcisc,  otc 

The  skin  is  higiily  vascular  in  muivmals,  and  ita  importance 
as  a  heat  regulator  is  thus  vi-ry  greats 

When  an  animal  is  varnished  over,  its  t<»mperatui>*  rapidly 
falla,  though  heat  production  iit  in  fixcean.  Kroni  the  fact  that 
life  may  be  prolonged  by  diminishing  loss  of  boat  through 
wrapping  up  tbo  niiiiiial  in  cotton-wool,  it  is  iiirem>d  that 
d4.-pri-ssion  of  tlio  ti-mpL-ratui-o  is,  at  all  vvontK,  one  of  the  cauece 
of  deuth.  Though  the  subject  is  obscuiv,  it  is  likely  that  the 
roteotioQ  of  poisonous  pro^liicts  so  n^rts  as  to  derange  ntelabo> 
lism,  as  well  as  poison  diroctly.  which  might  thus  lead  to  the 
disorganization  of  the  nuichinery  of  life  to  the  jioint  of  diitnip- 
tion  or  death.  It  is  also  possible  that  the  reduction  of  the  tem- 
perature from  dilatation  of  the  cutiinnous  vessels  may  bo  so 
gn^at  thai  thuaitimitl  iin  cooled  beluw  that  point  at  which  the 
vital  functions  cau  cwutiuuo. 


TuE  Excretion  op  Perspiratios. 

In  secretion  in  the  wider  nense  wo  find  usually  cortaio  nerv- 
ous aud  viwculnr  elTecls  aR.sociattH).  The  vessels  supplying  the 
gland  are  dihitcnl  during  the  most  motive  phase,  and  at  the  same 
time  nervous  impuU^-s  are  conveyed  to  the  M'creting  cells  which 
ittimulate  them  to  action.  There  is  a  certain  proportion  of 
water  given  off  liy  transpiration ;  but  the  sweat,  as  a  whole, 
even  the  major  irnrt  of  the  water,  is  a  genuine  secretion,  tbo 
result  of  the  metabolism  of  the  cells, 

Certain  experimental  facts  deserve  consideration  in  this  con- 
nwtiou:  1.  If,  in  the  cat,  the  sciatic  nervu  !»■  divided  and  ita 
distal  end  stimulated,  even  when  the  vessels  of  the  leg  are  liga- 
tured, the  corruspiindiug  foot  sweats.  8.  The  vessels  being  un- 
touched and  atropiu  iuji^ted  into  the  bloody  uo  sweating  occurs 
ou  stimulatiou  of  tho  nerve,  though  the  vessols  of  the  foot 
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(lilftte.  3.  If  n  kilt*-!!  with  divide*)  sciatic,  and  as  a  (■oiig<«qHeiice 
dilnU-*)  VjIoikU vessels  iii  tlio  cori-ospmuiin^  limb,  be  pli«fd  iu  a 
warm  ^^v^•a,  tho  other  fwt  will  sweat,  while  thw  oiio  the  uurvee 
{{uing  U)  wbich  bnvi)  buun  dividoil  remains  dry.  4.  Perspira- 
tion wilt  take  place  iu  u  cut  that  lin8  just  dind  uiiUor  the  cir- 
cuiustaticeH  montiunuJ  in  I.  Prom  tbo:4L>  uxptTimentH  it  is 
clear  that  nervous  iiiHuences  alone,  in  the  absence  of  any  vos- 
ctUar  chani^ii,  or  in  the  total  deprivation  of  blood,  suffico  to 
induce  the  sp«petion  af  persjii ration. 

If  the  central  i^tinnp  of  the  divided  sciatie  bo  stimubitetl. 
Awuating  of  tbo  olbvr  limbs  follows,  showing  that  iwr^ipirstiou 
may  be  a  reflex  act  It  ia  fuund  that  stimulation  of  the  periph- 
eral end  of  (he  divided  cervical  cytupathetic  leads  to  sweating 
on  the  cnrrf-Hiiimilin^j  aide  of  the  face, 

Haoaan  Fbyiiology. — Certain  nerves  (a  g.,  the  cervical  ftym* 
patholic)  havo  Iwen  stimulated  with  results  similar  to  thoso 
obtained  in  otlicr  antnials.  We  think  tbese  experimeuls  and 
certain  pathological  phenomena,  to  be  presently  mentioned,  itf 
importance  boyonit  thfir  immediate  application.  They  seem  to 
show  tbu  inllueneo  of  norvesovor  vital  processes  in  the  clearnst 
way,  and  reniler  it  prulmble  that  tbiit  is  the  eeseiitial  clomeut  in 
Uiu highest  verlebrati-H,  and  not  tbu  bloud-Kiipply,  which,  though 
i]nfH>rtiint,  is  subsidiary.  The  path  of  the  aweut-nerves  is 
somewhat  similar  to  that  of  the  vaso-motor  fibers,  running 
mostly  in  the  sympathetic  in  some  part  nf  their  conr»«. 
Whether  there  i»  a  dominant  renter  in  tho  medulla  and  subor- 
dinato  ones  in  tho  cord  is  a  matter  of  uncertainty  :  though,  that 
the  o-rehrum  can  exercise  a  powerful  Inlluouco  over  th«  sudor- 
ific glands  is  evident  from  tho  effect  of  emotions. 

Certain  drugii  seem  to  act  on  the  centers  through  the  blood ; 
others  on  either  tho  niTve  terminals  or  the  gland-cells  them- 
Holvex.  It  is  true  that  some  of  these  will  induce  sweating  after 
tho  nerves  have  }>een  divided,  though  conclusions  as  to  the  nor^ 
mat  action  of  a  part  from  suchexperimenlM  must  bi>  drawn  with 
the  greatest  caution.  In  our  opinion  they  are  rather  suggest- 
ive tlian  demonstrative  in  themselves,  and  the  views  wu  enter- 
tain of  normal  function  should  be  forme«l  from  a  consideration 
of  all  tho  evidence*  rather  than  that  from  a  single  ex]>erimeut, 
hovevor  striking  in  it.'>elf. 

Sweating  during  dyspncea  and  from  fear,  when  the  cutane- 
oos  surfaces  are  pnle.  OS  well  as  in  the  moribund,  shows  also 
the  independent  influence  over  the  sudorific  glands  of  the  nerv- 
oaf>  system.    Boat  inducoesweatiug  by  acting  lioth  rutlexly  and 
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directly  on  tho  ewoat-coutunt  vt>  may  suppoM.  UnilulorsI 
ttweatin^  is  known  ae  a  pstbolotpca]  m  wvU  as  expt-rimwutal 
phenmnenun.  Perspiration  may  be  either  increased  or  dimin- 
Ub<.-(]  in  paralysed  Umba,  arconlirig  to  circuiustances.  It  is 
po8sil)lo  that  there  is  a  paralytic  secretion  of  aweat  a»  of  nalix'a. 
The  subject  is  vi-ry  intricate  and  will  be  referred  to  again  on 
soootint  of  th(F  lif^bt  it  thn^ws  on  motabolic  processes  f^nomlly. 

Absorption  by  thu  skin  in  man  and  uthur  mnuimals  is,  under 
natural  coiiditiuus  probably  VL<ry  slight,  as  would  bo  fxpfwtvdj 
when  it  is  Imrne  in  mind  that  the  true  skin  is  covered  by  sev- 
eral layers  of  colls,  the  outer  of  wliicb  are  hardened. 

Ointments  may  unquestionably  be  forced  in  by  rubbings; 
and  perhaps  absorption  may  take  place  wboti  an  animal'^  tis- 
sues are  starving, aiiil  food  can  not  be  made  avaihible  thrmi^li 
thu  u.'<ual  cbannelH.  It  is  certain  that  abraded  .nurfacvs  an.^  a 
sourct^'  of  daiigvr,  from  aiToi'ding  a  miAns  of  «ntraaoo  fur  dis- 
eaitf-pruiluciii);  substanci.<s  or  for  gL<rms. 

Comparative.— It  is  uauaily  staled  in  works  on  physiology 
that  the  horso  sweats  profusely,  the  ox  loss  so ;  the  pig  in  the 
imout ;  and  the  dog,  cat,  rabbit,  rat,  and  mouse,  either  not  at  all 
or  in  the  feet  (Iwtween  the  toes)  only.  That  a  closer  obst^rva- 
tion  of  tliese  animals  will  convince  any  one  that  the  latter 
statctnonts  are  incorrect,  we  have  no  doubL  Tlicsi-  animals,  it 
is  true,  do  not  perspire  si-nnibUj  to  any  groat  oxtont;  bnt  to 
nmiiit.iiii  that  tli^-ir  skin  bass  mo  cxcri'tory  function  is  an  error. 

Sunmary. — The  skin  of  the  niaininal  bus  prutA^^'livc,  sunaory, 
respiratory,  and  excretory  functions.  The  respiratory  are  in- 
signillcant  under  ordinary  circumstances  in  this  group,  though 
well  marked  in  rpptiles  and  especially  in  batrachiana  (frog, 
men  o  branch  us).  Sweating  is  probably  dependent  on  tlie  action 
of  centers  situated  in  the  brain  ami  xpinal  cord,  through  iiervue 
that  run  generally  in  sympathetic  tracts  during  souk-  part  of 
their  courso.  While  the  fiiiu-tiou  of  swratiug  may  go  on  tn<le 
pendently  of  abundant  Idood-supply,  it  is  usually  associated - 
with  increased  vascularity. 

Swwtt  contains  a  very  small  quantity  of  .lolids,  is  alkalino 
in  rwiction  when  pure,  but  liable  to  be  acid  from  tlieadmixturu 
of  sebaceous  matter  that  has  un<lergon« decomposition,  Sebum 
consists  chiefly  of  olein,  pnlmitin.  KonpK.  cholctilcrin,  and  ex- 
tracUvesof  little  known  composiliuu.  Thu  tudty  luste  of  the 
perspiration  is  duo  chiefly  to  sodium  chloride,  and  ita  smell  to 
%'olotilo  fatty  acids ;  <.>spocially  is  this  so  of  the  sweat  of  certain 
parts  of  the  body  of  man  and  other  mammals. 


EXCRETIO.V  BY  THE  KIDNHy. 
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The  functional  nctivily  u(  tliv  i;kin  varies  wilti  tho  tempera* 
tore,  moisture,  utc,  of  llitf  uir  iiiul  L-urluiti  intvmnl  Ltiodiiions : 
t«p«cially  is  it  imimrtant  tu  rvmombor  Unit  it  is  one  «f  a  KPrips 
of  excretory  orf^ans  which  act  in  harmony  to  eliminate  thi< 
wacto  of  the  hotly,  su  that  when  one  functions  more  the  other 
may  and  u.-<ua1ly  doea  function  lena 

Thfi  ])rt^lecUve  function  of  the  skin  and  its  modifieil  e|Mthe- 
lium  (hair,  honis,  nnils  feathoriii,  etc.)  is  in  man  slight,  hut  vury 
imporliMit  in  mnuy  othor  viTtebnitfs,  among  which  provision 
againiit  undue  Ions  of  t<^-iii|R-mtnrK.-  ts  onv  of  tho  most  constant* 
ly  operative,  ami  eniibIo»  u  vast  nunihcr  of  groupx  of  animals 
to  adapt  successfully  to  their  varying  ^urrouudingik 


EXCRETION  BY  THE  KIDNEY. 

Tho  kidney  in  man  and  othf  r  nmmnmls  may  ho  descrihod  as 
a  very  comjdes  arrangement  of  tubus  Uuml  with  many  different 
fomiii  of  HecretinR  cells,  sur- 
:>unded  by  a  Rreat  mash-  - 

rork  of  CA|>i1lari<^-»,  bound 
thor  by  connective  ti»- 
10,  the  quantity  varying 
with  tho  Buimul.  and  the 
whole  incloaed  in  a  tmpsule, 
Tlie  organ  is  well  supplied 
with  lymphatics  and  nerves. 
Thougli  the  tubes  are  so 
complex,  the  kidney  may  bo 
divided  into  zones  which 
^oontiiin  mostly  hut  one  kind 
if  tubule. 

OompuKtin.— Among  the 
jwest  forms,  the  Infusori- 
and  Ca-lenlfrates.  ex- 
>ry  orKatt»  have  not 
definitely  traced.  In 
the  Vermes,  oi^ns  known 
as  nephridia  (segmental  or- 
gans, see  ¥^gB.  'ih3,  257)  are 
supuosecl  to  art  the  part  of        wyt.    i,  i,  ^  t  n.  a.  x.  i. «.  1. 1,  i>vta<iii.i.  ,.t 

.<       ,  ■  ,  ■  c      u-  Vulnlchl :  A.  B. ft,  &. a.  3,  iiiiicn  i-(  iiyramiUa. 

toe  Kidney  in  some  tasnion.  mirrauiulHl  by  nUcn  :  a.  C,  ODliimnnoI  UtT- 

Thew  are  long,  often  coiIe.i        j;^.«i"-<rf™--T:  B."Pi-r«tr™i.y«. 
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,  ,_  fts  llie  (!r»ytls])  the  green  gliui<l  is  suppub-ei)  to  repre- 
0ninftadm<y.  It  doett  not  opuii  ititu  Hit-  body  cuvity  like  tliu 
preiMiliiig  ntui  llie  follnwing  form  of  thu  organ.  It  in  well  8up- 
pliwl  with  cjipillaries,    Thu  organ  of  Bojanua  (Fig,  SOU)  is  the 


PiaM. — Dtoal-tMHl*  of  1liili>l|[tiliiii  hoiITiii  ami  <-onti>lii(r-l  tllliM  ot  Iditni-ir  <ii(Irr  Sniiji-y 
t,l,llaJntoMai>tivdl«>Mm>iiiJili-<l  liv  .-j|>riJ,<.-  H.t^t.  ivnvnliil'-<l  lulm  cnrini'>-i-.-<l  *-llh 
XatfWiHn bodlni ;  IL  arliTji  l>miii'l>lni:  lo  k'i  («  MairlRhinn KMun ;  (.  1. 1,  l>rairt'1i>4  ft 
*i*m:  a,  th  MKlplKhlnn  tx-lln  (roir.  olilch  a  pnniou  uf  ranniln  liu  bnra  nriiiuviil : 
;.  1. ..  naaM*  pawJuk  uut  'it  MaljiiKtiLiui  tiiflht ;  a  n«rl.  Iinuicha  at  whluh  iVi  |mim  to 
eapUluy  pkxai  1 10), 

main  excretory  channel  in  many  ffroiips  of  mollusks.  In  In- 
Beets  the  long,  coiled  Malpi.uhinn  tubules,  which  oppn  into  tho 
Intestine,  are  believerl  to  cwrete  both  hile  and  iinc  acid. 

Among  vert  eh  rates,  till  the  reptiles  are  reached,  the  kidney 
ts  a  porj(i»tent  Woltlinn  body,  hence  its  more  simple  form. 
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Tn  miwt  fwlios  the  kiflnoy  is 
a  vi-ry  fluugnU'il  or^UD,  though 
ill  thu  lowest  it  conxistH  of  little 
moru  thiiii  tubulifK,  foiling  but 
slJKhtly,  t>iic]iuK  by  ono  extrem- 
ity in  a  glomonilus  and  by  the 
other  opeaing  into  a  htng  cdi>i< 
mon  efferent  tub*"  or  duct*  Tlia 
glorafrulus  is,  however,  pet-iii- 
iftr  to  the  vertebi-iitv  kidney. 
The  grculed  complexity  in  or-' 
rang<eiui-nt,  etc..  of  tho  lub«s  iaj 
'O  reprpBGnted  wull  in  the  figurft' 
below.  It  is  a  significant  fact 
that  the  kidney  of  the  human 
subject  i(4  loliulatetl  in  the  em- 
bryo, which  condition  is  persist* 
cnt  in  somu  ninminals  (rumi- 
aautx,  etc.). 

As  the  lungs  are  the  organs 
employed  especially  for  the 
elimination  of  carbonic  snh]r> 
dtide,  w)  the  kidneys  ar<*  above 
all  otlien*  the  excretors  of  the 
nitrogenous  vrasto  producl-s  of 
the  Ijudy  chiefly  in  tho  form  of 
uric  aeid  or  ur«i.  Before  treat 
ing  of  secretion  by  tho  kidney 
it  will  be  well  to  examine  into  the  physical  and  chemical  prop- 
ertiett  of  urine  with  .some  detail,  especially  on  account  of  itH 
great  importnnoo  in  thu  diugnoxis  of  disease. 


>P 


Pin.  'Sr.— DUwranunaUa  rgpntnlaBoo  of 
111(1  rlbutton  of  tubulM  of  Uilacj'  iktior 
ItuilFjri,    C.  MftiMi  TCKlun :  B,  Iwund- 


Knnw.  contalaEDe  Untp  p*tt  ot  Kmi- 
laopl :  P,  HiillUrr  m"    '        "  ' 
Mil  Iba  mala  oulllnir  tubulM 


UHINB  CONSIDERKD   PhYSICALLT   AND  CHKMICALLT. 

Urine  ia  naturally  a  fluid  of  very  variable  composition, espe- 
cially regarded  quautitstiv(<ly — n  fact  to  be  borne  in  Diiod  in 
considering  nil  statemonl^  of  the  constitution  of  thi$  fluid. 

Speci&o  Gravity. —Urine  must  needs  be  hciivior  than  wuler,  on 
account  of  thw  large  variety  of  solids  it  contains.  Tho  avorag«| 
specific  gravity  of  the  urine  for  the  twenty-four  hours  is  1015 
to  1020.  It  is  lowest  in  the  morning  and  varies  greatly  with 
the  qnantily  and  kind  of  foml  oat4>n.  the  activity  of  the  lungs 
and  OKpocially  of  thu  skin,  with  emotions,  et& 
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Color. — A  lif^lit  Btriiw  color,  which  U  bIbo  vory  variable, 
twiaj;  increased  in  depth  either  by  the  pri'seiico  of  an  excess  of 
pifpnent  or  a  diminution  of  water.  There  are  probably  severnl 
pigraents,  amonff  which  occar  urofciYin,  derived  probably  from 
hilc  pignieiil. :  urorhmine,  becnniiiig  red  on  oxidation;  and 
itKlicait,  which  may  be  oxidized  to  mdign, 

Tlu  r«aotioa  of  htimnii  iiriuo  i.t  acid.owinR  to  acid  sidts.  espe- 
cially nciii  xodiiim  phui^-phalu  {N»H|PO«).  There  is  usually  but 
H  trifling;  qnniiltty,  if  any,  of  fnw  luid  in  the  urine  when 
liecreted.  The  acidity  diminishtnt  aiivr  mual^,  und  the  urine 
may  be  neutral  or  alkaline  when  the  food  is  wholly  vegetable, 
or  nndnly  arid  wh*-n  the  diet  is  entirely  tlushy. 

aiaatity.— Usually  about  l,5i«)  c.c.  or  fmm  ao  to  52  ounces 
(two  piutei)  in  twenty-four  hours.  This  is,  of  course,  like  the 
siK-cilU-  gravity,  highly  variablw,  and  frequently  they  run  par- 
alhd  with  ivich  othi'r. 

The  foUowiug  tabular  stntumont  will  prove  usoful  for  roftti^ 
ence: 

Quaniilaiive  Exfitnaiion  nf  the  ConaHtuents  of  (he  Urine  for 
TiCtitty-fiiiir  Hours  (after  Parkea). 


Vatar 

TmkI  soUdi 

irr« 

I'ric  oirid 

IIi|i|>iiric  tuM- .. 

Cnnulntn 

PicmpnI.  P(c. .  . 
SnTtiburii.'  K'icl 
Phnn^itionv  add. 

CUorine. 

AiQmonis < 

Pmuiium 

Soitniiii 

CUciam 


Branavaruu 
nwDorttUlSa 

PBTIklloar 

"!■■■■■ 

ItwBIt 

I.'UHI'OOO 

^■im 

WOOO 

MOOO 

88-180 

-5000 

■as 

-OOM 

^400 

■wma 

410 

•0140 

10-000 

■1S10 

SOU 

■<3ai» 

9'liM 

■04m 

7000 

■law 

■770 

S'SOO 

II-OOO 

■260 

«07 

Attention  is  directed  more  particularly  to  the  preponderance 
among  the  solids  of  uri>a,  and  sodium  chloriilc,  for  the  latter  is 
the  form  in  which  a  Iftrgv  part  of  tin-  sndiuin  reappears.  We 
may  tuty  that  in  round  numljent  about  n5  grammoii  or  iW  grains 
(X  t<i  .1  i>fr  ■■■-nt)  of  iirvii  fin-  i-xiT«tod  daily. 

Hitrogonoiu  Crystalline  Bodiet.— Tlii>»;u  aro  the  dvrivativefl  of 
thu  nu'tiilfolixin  of  Ihu  hixly,  and  nut  in  any  Hpprt<ciu,h1o  degree 
dmwu  fruiu  thv  food  itoelf.    Besides  urc-u,  and  of  much  1<^ 


424 


ANDUL  fUYSIOLOOY. 


imiiortAiico.  occurring  in  snmll  quantities,  an>  bodies  that  may 
bu  n^j^anUnl  ».-<  lus:*  oxidixctl  fornix  of  nitro^jvituus  tni'tab<>li.-iiii, 
Kucti  us  crttutiuin,  xuiithiii,  bypuxiuitliin  (parkin),  htpparic  acid, 

jju*.    The   latter  wuii 

first  prepared  artificially  from  ammonium  cyanate,  ^i,  I  O, 

with  which  it  is  isomeric, 

Wh»m  air  has  free  access  to  urine  for  some  timo  in  n  wsnn 
room,  the  urea  becomes  amnioniiini  carltoiuUe  by  hydnitioii, 
probably  owiiiK  to  the  iiifliienne  of  laicro^irguuismK,  thus: 
CO  (NH,),  +  i  H,0  =  (NH,),  COii  hynct-  the  strong  ammouical 
smell  of  olil  uriue.  urinals,  etc. 

I7rtc  arid  [CtiitS,i\)  occurs  sparingly  (soo  tnblu),  combined 
with  sodium  aad  imimoiiium  chiefly  lut  acid  lialts.  Since  these 
salts  are  not  so  solublu  in  cold  as  in  wiirin  wattTf  they  often 
fall  as  a  sedinu-nt  in  the  vet-»v\  in  wliich  the  urine  stands,  and 
present  a  brick-red  or  fawn  color. 

Uric  acid  is  itself  rather  insoluble  in  cold  water  or  hy<lro. 
chloric  iw'ui,  though  soluble  in  alkalie»;  hence  it  tnny  bo 
obtainetl  by  adding  hydrochloric  ai-id  to  the  urinu  iu  the  cold. 
When  it  is  in  excess  it  may  separatt*  out  on  standing,  forming 
ckarsctL'ristic  colored  (dnrk-reil)  crystttis,  adhering  to  the  sides 
of  the  vessel.  Boating  on  the  top  of  th«  urine,  or  as  a  sediment 
at  the  bottom  (like  red-pppper  grains). 

Von-nitrogenoua  Otiganio  BodiM. — Whether  traces  of  sugar  are 
normal  in  urine  is  as  yet  undetermined.  Certain  acids  occur, 
ftt  leant  frocjuently,  in  small  quantities,  aitd  combined  mostly 
with  bases.  Amung  those  are  lactic,  formic,  oxoHc,  succinic, 
etc.  A  series  of  well-known  aromatic  bo<Iifw  occurs  in  urine, 
psix'cittlly  in  that  of  Iht-  liyrse,  cuw,  etc.  These  aiv  phenol, 
oresol,  pyroratcchin,  which  occur  not  free,  but  unilud  with  sul- 
phuric ucid. 

InorgftDio  Salt!. — These  are  mostly  in  simple  solution,  in  urine, 
and  not,  as  in  some  other  fluids  of  the  body,  united  with  pro- 
tei<l  hollies.  The  salts  ai-e  chlorides,  phosphates,  sulphates, 
aitrates,  and  carbonates,  the  first  three  being  the  most  abun- 
dant; tlie  boar's  being  sodium,  i>ntasainm.  calcium,  magnesium. 
Since  the  earthy  salts  c»n  not  i-enmin  in  Hnhitiim  in  an  allcaline 
flnid,  they  are  usually  found  as  a  sedimvnt  when  the  uriue  loses 
its  acid  reaction.  The  phusphntes  are  U>  be  traced  to  the  food, 
to  the  jihospborusof  proteids,  and  to  phosplii irize<l  fats  (leci- 
thin). The  sulplmtex  are  derived  from  tlmse  of  the  food  and 
from  the  sulphur  of  the  prot«ids  of  the  Uidy.    So  much  of  the 
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carbonates  OS  is  not  dorivod  dJrctctl)'  frnm  »  rorrm))on(]iiig  »iip- 
ply  ill  iho  food  may  bo  tracod  t«  tho  oxuijiliou  uf  cortuin  or- 
Kanio  eaita,  as  citrates,  tartrates,  etc. 

Doubtl&as  many  bodies  appfiir  either  regularly  or  occasion- 
ally in  urine  that  have  so  far  escaped  detection,  wUiclj  are,  like 
the  poinonons  exhalations  of  the  lungs,  not  the  le-ts  important 
becatifte  unknown  to  science. 

Abnormal  Urine.— Tlirru  is  not  a  substance  in  the  uriuc  that 
d(»ii»  not  vnry  under  di)toasi%  while  the  po8i*iMo  lulditions  act- 
uiilty  known  are  legion.  Thumi  nniy  bi>  derived  uillier  from 
the  blood  or  from  tho  kidneys  and  ullii'i'  parts  of  the  urinar>' 
tmct.  The  kidneys  si'vm  to  lake  upon  theniselvi-fi  mon.'  readily 
than  any  other  organ  the  duty  of  eliminiLting  fon-ign  matters 
from  the  body.  But  this  aspect  of  the  subject  is  too  wide  for 
detailed  Ron.sii1eratioii  in  this  work. 

The  student  of  meilicine  should  be  thoroughly  familiar  with 
the  urine  in  itt  normal  conrlition  before  he  enters  ujxiu  the 
examination  of  thi-  variations  produced  by  di.tea.sa  This  is 
not  ilifficult,  and  much  of  it  may  \m  curried  out  with  but  a 
meager  supply  of  apparotux.  For  this  purpose,  however,  we 
recommend  some  work  devoted  to  the  chemical  and  mici'o 
scopic  atmly  of  the  urine. 

Il  greatly  assists  to  n-mpinber  a  few  points  in  regard  to 
solubilities^  Prom  a  physiological  jfoint  of  view,  the  urine  and 
its  variations,  as  the  resiUl  of  clmiiges  in  the  organism,  nuiy  be 
observetl  ivitb  ailvantjige  in  one's  own  person — e.  g.,  the  influ- 
ence of  fo.'>d  itnd  drink,  lumjJurHture,  emotions,  etc. 

Compknttire. — The  urine  of  most  vertebrot*«  is  of  higlier  spe- 
cific gravity  tlian  that  of  man.  In  fishes,  reptiles,  and  birds, 
Urio  acid  rejdaces  urea,  and  is  very  abundant.  In  these  animals 
most  of  this  substance  is  white.  Tlie  urine  is  passed  with  the 
ffpcos.  Among  mammals  the  urine  of  thecnrnivora  is  sti-ongly 
acid,  perhaps  owing  in  gi'eat  pail  to  the  ftosh  on  which  they 
feed;  and  abounds  in  phusphntes  and,  in  some  instaucos,  sul- 
phates The  urine  is  so  conceutraled  in  some  cases  that  we 
have  known  urea  nitrate  to  crystallize  out  on  the  addition  of 
nitric  aeifl  without  requiring  comiensation. 

The  urine  of  the  herbivora  is  alkaline,  and  al>ounds  in  salts 
of  calcium,  es[HH'i»liy  cnrbonat<<«.  It  is  also  of  high  s|)ecifio 
gravity,  and  grow^  ra|M<lly  durk  in  color  when  passwi,  owing 
probably  to  the  presence  of  tlie  aromatic  compounds  referred 
to  above,  derived  from  the  food.  In  certain  groufw  of  luvurto- 
brates  uric  acid  seems  to  bo  a  normal  excretion. 
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TuE  Secretion  or  UitmB. 

Among  experimpiitiil  foct^i  from  vrblrh  importniit  concld- 
eiuQs  liavo  boon  drawn  nro  tliu  fulluwing  (wlit-ii  bloud-prviwiirL' 
withiu  tho  klduoy  is  n>fi<iTL'4l  to,  it  will  bo  unddrsUiod  thtit  tho 
glomeruU  aro  muaiit):  1.  Suction  of  tlu'  ttpinnl  vortl.  which 
greatly  lowers  tlie  gt'iu'ral  blood-pn-HHurf,  is  folluwyd  by  dinii- 
Rution  or  total  arrest  of  the  secretion  of  urine.  2.  Section  of 
tho  renal  nerves,  and  to  n  less  extent  of  the  splaiichnics  de< 
croa^-i*  the  flow  of  urine.  .3.  Stimulation  of  the  spinal  cord 
ftfter  section  of  the  above  nerves  (which  raises  the  blood-press- 
iiro  in  the  Iciduey  by  elevating  the  general  bloud-pitiitsurG)  in- 
creast-st  tho  flow  of  nrino.  4.  Certain  diuretics  iHcrwi»e  the 
blood-pri'SnuriM-ither  genwully  or  in  tho  kidm.-y,  whilu  utla-rs 
act  ou  tho  rtiual  epithelium,  apparently  iiidupouduutly  of  hlood- 
pn>S8ure, 

By  nieahs  of  apparatus  adaptud  to  register  the  changes  of 
volume  the  kidney  undergoes,  it  is  found  that  the  kidney  not 
only  reajionds  to  every  general  change  in  htood^pre^sure,  but 
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Fin.  CH.— DP.  lilcHnl-pniBiin'  riirvi- :  K.  niric  iif  Hii-  vcilmnr  dt  ibr  kl-lni-y  ;  T,  ItmB-mne. 
Inlmnlii  lnilli»u-  at  quaitT  of  ■  mlDuW  ;  A.  •biclva  tSUrllnx.  tJtrr  Kay). 


to  «u'h   hejirt-beat — that   is,  it«   volume  varies   monientjirily, 
■  This  show8  huw  tteusitivu  it  is  to  vuriutions  in  hluutl-pruiv^ure. 

From  the  above  and  other  experiments  it  has  been  concluded 
that  the  sipcretion  <»f  urine  is  larpely  dependent  on  bIo<Ki-press- 
ure.  Until  very  recently  certain  ex |>er intents  (of  N'nssliaum) 
were  considered  as  favoring  the  view  that  the  activity  of  the 
glomeruli  was  of  a  wholly  or  fji'«ally  different  character  from 
that  of  the  tubules.  In  the  amphibia  (frog,  newt,  etc.)  there  is 
a  double  rennl  bkHiil -supply.  The  glomeruli  derive  their  blood 
from  the  rennl  artery,  and  ihf  tubules  from  the  rennl-portnl 
system.  The  vein  returning  the  blootl  from  th«  tower  exti'um- 
ity  divides  (Fig.  ^31)  at  tho  upper  [iiu-t  of  the  thigh  iuto  two 
branches,  one  of  which,  eutoria^  the  kidney,  breaks  up  into 
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CApillarios  nround  t1i«  tubtil<«8,  which  inosculnto  to  aomo  extent 
wilh  tho  vosHvl^  tmurgiug  tnnn  the  kI*""*"''"!!,  It  was  found 
that  whp«  cprtaiu  suhstiuices  wore  injected  into  tho  blood  they 
no  longLT  appeared  in  the  urine  after  the  renal  artory  had  beoo 
tied,  from  which  it  was  concluded  that  they  were  secreted  only 
by  the  glomeruli,  and  that  the  Wood  of  the  renal-portaJ  vein 
did  not  lind  access  to  the  glomeruli.  Thin  conclusion  was  a 
]>retty  bold  leap,  but  there  wan  Home  show  of  rea-son  for  it. 
More  pe<7ently,  however.  thpRP  expei-iments  have  l«M»n  dcnion- 
8traLe<]  Ut  he,  ti)  a  certain  extent,  unriiliiiliii-,  iiiid  that  the  poii- 
sa^e  of  blood  from  the  venous  capillariett  backn-nril  chu  really 
takf  place,  to  eonie  extent,  after  a  time. 

Theories  regarding  the  secn'lion  of  urine  may  be  divided 
into  thoM>  tlint  are  almost  wholly  mechanical,  partly  mechani* 
ca),  and  purely  secretory :  1.  To  the  first  cbisa  belouKO  that  of 
Ludwig,  which  teachet  that  very  dilute  urine  is  separated  from 
the  bloo<]  in  the  glomeruli,  ami  by  a  process  of  en(losm(>:<i!<  and 
alisorption  of  water  by  the  tubular  capillai-tes  is  gruduully 
coQct*nlrat«d  to  the  normal.  S.  A»  an  example  of  the  second 
clatis  is  that  uf  Buwniun.  who  mnintaincd  that  tliL'  greater  part 
of  the  water  and  some  of  the  more  lioluble  and  diffusible  salts  are 
separated  by  the  glomeruli  but  the  characteristic  constituents 
of  the  nrine  by  the  epithelium  of  the  renal  tubulee.  3.  As  an  ex- 
ample of  the  third  is  the  theory  of  Heidenhain,  who  attributed 
tiltlu  to  IiliKid-pressure  in  itself,  and  much,  if  not  the  whole,  to 
the  secreting  activity  of  the  e]iitheliiini  of  tho  tubules  more  i«ir- 
ticularly.  This  physiologist  showinl  that  while  ligature  of  a 
Vein  riii^ai-d  tho  blood -presstiri'^  within  a  glomerulus,  it  was  not 
followed  by  any  incretisu  in  the  tfuantity  of  the  secretion,  but 
by  its  actual  arrest.  He  also  showed  that  injertion  of  a  colored 
nib«tance  (s<>dium  suIphindiR()tiate)  into  the  blood,  after  the 
proMure  had  been  gi-eatly  lowered  by  section  of  the  spinal 
OOrd,  Iml  to  Its  appearance  in  the  urine ;  and  microscopic  exam* 
ination  showed  that  it  had  puI^!tted  through  tho  epithelial  colls 
of  the  tubuloB.  not  of  the  glomeruli. 

It  is  found,  however,  that  after  the  removal  of  a  ligature 
applied  to  the  renal  artery  the  urine  is  albuminous,  showing 
that  the  cells  have  been  plainly  injured  by  the  operation ;  hence 
Heidenhains  ex|»eriment  descrilwd  above  is  not  valid  against 
the  blood -pressure  theory.  Moreover,  too  much  must  not  be 
inferred  from  the  action  of  foreign  subxtauces  under  the  ab- 
normal conditions  of  such  an  exju-rinii'tit.  While  some  physi- 
ologists claim  that  the  glomeruli  arv  tiltcring  inucliauisms,  they 


43S 


ANIMAL  PHVSIOLUOY'. 


oxplnin  thut  filtmlinn  is  not  to  be  unrlerstnod  in  its  ordinary 
laboratory  lux-i-ptatioD,  but  that  the  f;lomei-uli  discriminul«  as 
to  what  tbt-y  allow  to  [tass,  yet  they  in  no  way  explain  how 
this  is  don<>.  They  makf-  the  whole  prnc^^ss  i1o])onil  on  blix>d< 
pressare.  anil  attribute  little  Riiecial  action  to  the  flat  epithe- 
lium of  the  Mnlpighiari  <-njii<u]o8. 

ThotiKh  ^'t'  <^'">  not  iuliuil  tlio  full  forcv  of  Uoiiienhuin's^  ex- 
poiimuiit8  A8  ho  i»teri)n-t«  tlmm^  w»  still  boliuvo  that  bis  vk'W« 
aro  most  in  hnrmoiiy  with  the  giineiral  laws  nf  Inology  and  thb 
Hpccial  faclK  of  reiinl  fU'Crutiou,  ItecKUtly,  afti-r  a  rL-[>etilion  uf 
Nussbauni'it  cxpuriniBUta^  and  thu  institution  of  othurs,  it  has 
been  rendert-d  cU'ar  that  the  mechanical  theory  of  the  work  of 
the  kidney  can  not  hold,  even  of  the  (glomeruli,  which  are 
shown  to  be,  as  we  should  have  t-xpected,  true  secreting  or)||;an3. 
Now.  there  can  be  no  doubt  that  blood -pressure  is  a  most  im- 
portant determining  condition  here  as  in  other  secretiuK  P''*' 
OMfftn.  in  tht>  maniinnl  nt  all  uvmiti* :  hut  whether  of  itsi^-lf  or 
bccttusii  uf  t)K<  iiiQueucL-  it  has  on  tht-  mpidity  of  bloud-Qow,  U 
U  difficult  to  determine ;  or  rather  whothor  solely  to  the  latter, 
for  that  the  consLunt  supply  of  fresh  blood  is  a  re^lur  con- 
dition of  norniul  secretion  theru  can  he  no  doubt.  Further,  it 
seeius  probablu  thut  blood-ijressuro  has  more  to  do  with  tbo 
secrtition  of  wati-r  than  any  other  constituent  of  urine.  But 
we  nuiintain  that  it  should  be  called  a  ffenuine  secretion,  aiid 
that  nothing  is  gained  by  using  the  term  "filtration" — on.the 
contrary,  tluit  it  is  misleading,  and  tends  to  ilivcrt  attention 
from  tlid  real  though  oft«n  hidden  nature  of  vital  proccASiiA. 
The  facts  of  di»cn«io  and  the  ovidcncti  of  lliora pontics,  we  think, 
all  favor  such  a  view  of  the  work  of  the  kidneju. 

NerveB  having  an  influence  over  the  secretion  of  nrine  simi- 
lar to  those  acting  on  the  digestive  glands  have  not  yet  lieen 
determined.  The  jHiwerful  influence  of  emotion,  espi-cially  in 
those  of  unstable  nervous  system,  over  the  secretion  of  urine 
shows  that  there  must  be  nervous  cliannels  through  which  the 
nervt'-contcrs  act  on  tlie  kidneys;  though  whether  the  rcsultti 
aru  not  wlitdly  dojiendeut  upon  vasiy-raotor  effects  may  be  con- 
sidered as  an  open  question  by  many.  We  think  such  a  view 
improbable  in  the  highest  degree.  The  most  recent  investiga- 
tions would  seem  to  shinv  that  the  vaso-motor  libers  nm  in  the 
dorsal  nerves,  especially  the  eleventh,  twelfth,  and  thirteenth, 
and  that  of  these  the  vaso-constrict^irs  are  the  best  dev«lo|>&d. 

Pathological.— Whr-n  the  kidneys  nr*-  excised,  the  ureters 
ligatured,  III-  when  the  former  are  so  diseased  as  to  be  inca- 
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PaTjIo  or  porfontiiiig  their  functions,  death  is  tbe  resali,  being 
prvciKlvKl  liy  inurki-J  depression  of  the  hruin-centers  pai«si»g 
into  cuniii.  Exiictly  vrliiuh  of  tlit>  n^taincd  ]imclu(-t«  brings 
shout  tbt-su  rwtuItB  is  not  kuovrii.  Thi.-y  iiro  likoly  duo  to  sov- 
era),  and  it  iiiipressn  od  tho  tnind  tho  imimrtoiico  of  thow 
processes  by  which  the  constantly  acfumuhitiug  wasl^  it;  t*linn- 
nated.  Uric  acid  wlien  not  removed  from  the  htood  and  tiitaues 
is  sup{>o!wd  to  be  the  exciting  i^AU-ie  of  gniit.  An  excess  in  the 
(omi  of  urates  retnine^l  or  deposited  in  certain  purts,  esjipcially 
the  joints,  is  frtx|ueutly  at  all  events  an  accompaninieut  of  this 
diseiiso. 

Tub  Expulsion  of  Urinb. 

We  now  present  i»  concise  form  certain  facts  on  which  to 
bai««  opinions  as  to  the  uaturv  of  the  processes  hy  which  the 
bliuldcr  i.s  emptied. 

It  will  be  home  in  mind  that  the  secretion  of  nritio  is  con- 
stant, though  of  coun^v  \-ery  variable:  that  thu  urine  is  cun- 
vi>y«l  ill  ntinute  quuiititios  by  rhythmically  contractile  tubes 
(iirftt-r«)  which  opuu  into  the  bladder  oblifjuoly;  and  that  the 
bluddtT  Uselr  is  lu^jhly  muscular,  the  cells  being  arranged  both 
circularly  and  obliquely,  with  a  special  accumulation  of  tho 
circular  libera  around  the  neck  of  the  organ  to  form  tlie  sphinc- 
ter tvttinr, 

I.  It  is  found  thill  the  prcs(*ure  which  the  sphirictt-r  of  tho 
hlnilder  oiin  wilhsliuul  in  the  dead  is  much  ltis«  (about  one 
third)  than  in  the  living  subject,  i.  Wo  are  conscious  of  huing 
able  I"  empty  the  bladder,  whether  it  contains  much  or  little 
fluid.  3.  We  are  equally  consciuus  of  an  urgency  to  evacuation 
of  the  veoical  contents,  according  to  the  fullness  of  the  organ, 
the  <|uality  of  the  urine,  and  a  variety  of  other  conditions. 
4.  Emotions  may  either  retanl  or  render  micturition  urgent. 
A.  In  a  dog,  in  which  the  cord  has  been  divided  in  the  dorsal 
region  some  months  previously,  micturition  may  he  induced 
rcfloxly,  as  by  i«|>onging  the  anus,  li.  In  the  paralyzed  there 
nmy  Iw  ret^-ntion  or  dribbling  of  uhno.  7.  In  casL-«  of  urethral 
obstruction  from  a  calculus,  stricture,  etc.,  there  may  bo  excflss- 
ivo  activity  of  the  muscular  tittsuo  of  the  hladdor-wulb.  & 
Evacuation  of  tho  bladder  may  occur  iu  the  absence  of  cod- 
sciousnees  {»lci>p). 

The  most  obvious  conclusions  from  these  facts  are  that — 1. 
The  urine  finds  its  way  to  the  bladder  partly  through  muscular 
(perist^Utic)  contractions  of  the  ureters,  partly  through  gravity, 
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in  man  at  all  ovents,  ami  partly  from  the  prwsure  within  tho 
tubules  of  the  kidiipya  tlieniftelveR,  2.  The  evaciiatimt  of  uriiio 
may  Uike  pln«e  indppeinlfliitly  of  the  will  (see  K),  aiiil  is  ii  ix-flcx 
(ft)  not,  3.  Mioturitiou  may  he  iiiitint^'l  l>y  the  will,  which  is 
uttually  the  cast.',  when  by  the  action  of  the  abdoiiiinitl  iiiuscles 
a  littU-  urinw  18  (<que«*«o<l  into  the  urethra,  uiK>n  which  nffi-reut 
impuWs  set  up  contrmrtions  of  the  blndik-r  by  noting  on  tht> 
detruBiir  center  of  the  conl  and  at  the  numti  tiuio  itiliihit  the 
center  presiding  over  tho  uphiiietf^r  (if  such  there  Ik-),  permit- 
ting of  its  relaxatiun.  4.  EmolioUit  sLi-m  1«  interfere  with  the 
ordinary  control  of  tho  bniiu-feuters  tiver  those  in  the  spinal 
cord.  n.  It  may  be  assumed  that  the  noritial  tone  of  the 
sphincter  of  the  bladder  is  maintained  reflexly  by  the  8pinitl 
cord.  Tho  unwonted  muwular  contraction  associat^il  with  an 
obstnictiuu  to  the  outflow  of  urino  may  bo  in  part  of  uerv-oua 
origin,  but  is  also,  in  nil  probability,  owing  in  some  degree  to 
the  musck'-celln  resuming  an  Imlupendent  contractility,  due  to 
what  we  recognize  as  the  principle  of  reversion.  The  aame  ia 
seen  in  the  heart,  ureters,  and  similar  structures. 

Fatbolegriul. — There  may  be  incontinence  of  imne  from  pn- 
ralyi»iit,  Uie  oerehral  centers  being  unable  to  coutrol  those  jii 
tlie  spinal  cor<l.  Pribbling  of  urine  may  he  <iue  to  retention  in 
the  first  instance,  the  tone  of  the  sjihiiu'tdr  iK-ing  finally  over- 
come, owing  to  incri'aso  of  pressure  within  the  bladder.  Over- 
distention  of  tlii'  bladder  may  ariHe  in  coii£ui|uence  of  lack  of 
tone  in  the  muscular  va\U,  though  this  is  rare.  S/rangtiri/  is 
due  to  excessive  action  of  the  walls  of  the  bladder  and  tho 
sphincter,  brought  about  reflexly,  when  the  organ  is  unduly 
irritable,  as  in  inflammation,  after  the  abit.-^e  of  certain  drugs 
{cant  bar  ides),  etc. 

Oomp&ntiT*. — In  man  the  last  drops  of  urine  are  expelled  by 
the  action  of  the  butho-c-avernosus  muscle  and  perhaps  some 
others.  In  the  dog  and  many  other  animals  the  regulatt^vl  and 
voluntary  use  of  this  uitLtcle,  niarkwi  in  a  high  degree,  protlncvs 
that  interruiited  flow  »o  chnrnctfristic  of  thu  micturition  of 
these  animals. 

Bunnutry. — Urine  is  in  man  a  fluid  of  specific  gravity  1015 
to  10:^0,  acid  in  reaction,  pale  yellow  in  color,  and  containing 
certain  salts,  pigment*;,  and  nitrtigenous  bodies.  The  chief  of 
the  latter  is  urea,  which  is  excreted  daily  to  the  extent  of  atwut 
one  ounce  (300  grains). 

The  kidneys  and  skin  especially  supplement  one  another, 
and  normally  great  activity  of  tlio  one  implies  lessened  oc* 
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tU'iiy  of  the  other.    This  ir  av»ile<l  of  iti  tlic  treatment  of  dis- 

Both  the  Miilpi(;hinn  cnp8iiU*»(  iinil  lbi<  n-im1  tuhuliix  have  a 
Imo  sucrt'torj-  I'uaclion,  tliou^h  thv  Itirf^-r  purt  of  ihu  wuterof 
uriao  iasecretwl  by  thu  former.  Biood-pressuroisan  importjint 
condition  of  secretion,  though  it  is  likely  tlmt  this  is  so  chiefly 
because  it  favors  a  rapid  renewal  of  the  blood  circubitin^ 
through  the  organ.  Whether  there  are  ner\'c8  that  influence 
secretion  directly,  as  in  the  cnae  of  the  skin,  is  not  ib-tfrniineil. 

Suppression  of  tho  renal  fnrictiotis  tenuis  to  symptomH  iit 
which  tbo  nervouK  system  is  rftcojfnizi-d  iis  suffering  to  tho 
dxtuut  uf ttiu  of  coma,  ending  in  dfatli,  Tlio  urine  of  moitt  other 
animals  ix  moro  conctintratL-d  Ihuii  that  of  m»n :  this  secretion 
in  caniivora  being  aciil,  and  ia  herbivura  alkaline  in  reaction 
irhen  passed  a  short  time. 

Our  information  in  regard  to  tbe  kidneys  has  been  derived 
(xperimentally  cbipfly  from  the  study  of  the  frog  and  a  few  of 
the  doniesticated  tiiammals,  especially  the  dog ;  and  as  reRards 
some  points  of  interest,  so  far  as  urine  is  concerned,  from  tbe 
bird  (giiano),  and  the  horse,  ox  (aromatic,  compounds),  etc. 
Han's  urine  iin»  been  tliorougbly  studied;  but  the  nature  nf 
tlie  act  of  remd  secretion  is  in  bis  case  a  matter  of  inference 
from  the  facts  of  pathology,  cliuiud  iiiediciiie,  therapeuUc»,etc, 


THE  METABOLISM  OF  THE  BODY. 

In  tho  widest  sonsu  the  term  lurtabolistti  may  he  conven- 
iently itppliud  to  all  the  numcTouH  changes  of  n  chemical  kind, 
resulting  from  tbo  activity  of  the  protoplasm  of  any  tiasne  or 
organ.  In  a  more  restricted  meaning  it  is  confined  to  uhanges 
undergone  by  the  food  from  the  time  it  entera  till  it  leaves  the 
IxMly,  in  so  far  as  these  are  not  tbe  itnsult  of  obvious  mecbani- 
ral  causes.  Thu  vi-utw  iu  which  it  is  employed  in  the  present 
chapt(^r  will  Ui  plain  from  the  context,  though  usually  we  shall 
booouconie'l  with  those  dianges  effected  in  the  as  yetcomjiani- 
tivoly  unpn-pared  products  of  digestion,  by  which  they  are  ele- 
vated to  a  higher  rank  and  brought  some  stejis  nean-r  to  tho 
final  g<iui  lowiird  which  they  have  been  tending  from  the  first. 
Asyotour  attempts  to  trace  out  these  steps  have  been  little 
better  than  the  fruitless  efforts  of  a  lost  traveler  to  End  a  road, 
the  general  direction  of  which  he  knows,  hut  the  ways  by  which 
it  is  reached  only  the  subject  uf  plausible  conjecture.     But 
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any  theories  that,  like  a  scaffolding,  nUavr  of  or  hulp  to  addi- 
tional itiv(>stiK»lion.  and  in  any  w»y  iMid  out  into  a  clearer 
l{fi;lit,  nru  not  without  vn]iit>:  niid  on  tlux  priiiripli-  we  shall 
tri-ttt  lliv  siiIpjitiH,  i«tH<ndiiiK  but  lilllu  tinii>  in  biirn'n  Gelds 
cxcupt  UK  tliL'v  Iiavv  uti  intvrost  from  the  suggcstivenuss  of  Uie 
T08ult«,  even  though  oegativo. 


Thk  MeTABOUSU  or  THE   LiTEB. 

This  organ  Iiiw  two  wolUrocognixod  functions:  1.  The  for- 
motion  of  bilo,     '■}.  Tho  formntion  of  glycogen. 

Wu  havo  alrtiuly  cuusiderwi  the  first,  and  asoertnined  how 
little  is  poeitirely  known.    Let  us  now  esaminf  the  itecond. 

Olycojfen  may  'le  obtained  from  the  liver  of  nmmintils,  such 
tut  the  rahbit,  l)y  rapidly  killing  the  animal,  excising  lh<-  witrm 
Btill  living  organ,  cntting  into  fine  picoi'^a,  throwing  thoni  into 
boiling  watvr,  n-moviiig  nfter  a  f^>w  ciiuutcs  anil  gnnding  in  a 
mortar  and  rL-immL-rsing  in  tho  boiling  wntur;  on  now  ptietiing 
the  latter  through  a  coarse  filti<r  a  turbid,  whiliidi  ttuid  is  ob- 
tained  containing  the  extracted  glycogen  us  proved  by  giving 
a  red  color  with  solution  of  iodine.  The  substance  may  be  ob- 
tained as  a  whitiiih  amorphous  jjowder,  having  the  chemical  coni> 
position  of  Dtarch,  and  has  in  fact  been  termed  animal  starch. 

By  ttpproprint4<  treatment  it  may  bo  converted  into  sugar  by 
a  process  of  hydration  {CtHiuO,  +■  H,0  =  0*UitOt). 

If,  after  the  death  of  an  animal,  tin;  livor  bo  kept  at  body 
temperature  for,  say,  an  hour,  very  little  glycogen  can  be  recov- 
ered from  it,  but  instead  abundance  of  sugar.  These  facts  sug- 
gest that  tho  sugar  present  repreeents  the  original  glyotigeu, 
and  that  the  conversion  ha.8  been  effected  by  aomo  furmont, 
which  docs  not  act  during  life,  though  why  not  is  one  of  tho 
problems  ranking  with  the  iion-<ligcstion  of  the  stomach  by  ita 
own  ferments,  etc. 

We  have  already  expressed  our  doubts  as  to  the  justifla* 
bility  of  resorting  to  so  many  "  ferments  "  to  explain  tlie  fact« 
of  phytiiolog}',  and  in  the  present  ca^e  there  is  another  possible 
view  of  the  matter.  It  is  conceivable  that  the  conversion, 
under  these  circumstances,  of  the  glycogen  into  sugar,  may  b« 
an  act  of  the  dying  protoplasm  i)f  the  liver-L-ells;  and  Ihere  are 
experimental  results  which  tend  to  strengthen  such  a  view. 

The  principal  facts  as  to  tlie  storage  of  glycogen  in  tho  liver 
may  be  briefly  stated  thus : 

1.  Qlycngen  has  be«n  found  in  the  Itvcr  of  a  largo  number 
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ofgronpsof  ftnimuls  iiichiiiinB  some  mvertebretefl.  9.  Amonj; 
mammaU  it  is  most  abundant  wUeu  the  ammal  ft^s  largely 
on  carbohydratea,  3.  It  is  found  ii]  the  liver  of  the  camlrora, 
ninl  ill  th{»»e  of  omnivora,  when  feedinR  excIuBively  on  flesh. 
4.  Whnn  an  animal  starves  (doea  not  fe<ed),  the  glycogen  gnid- 
uolly  «li»ikpiM>ar«.  5.  A  fnt-diot  does  not  give  rise  to  glycogen. 
G.  During  onrly  fodUtl  Hfo  glycogtm  \*  found  in  all  the  tisxues, 
but  Uttor  it  in  restrictL'd  muro  and  niori>  to  thi'  Uvor,  though 
even  in  aduU«  it  is  to  be  found  in  various  tissues, especially  the 
muscloti,  from  which  it  is  almost  never  absent. 

From  the  fact«  the  inference  ia  plain  that  glycogen  is  formed 
from  carbohydrate  material :  or,  to  be  rather  more  i:'jiutiou8, 
that  the  formation  of  Ibis  sulttttance  is  dependent  on  the  pres- 
oDce  of  Kuch  nmturini  in  the  fuoi).  Inaftmucb  as  glycogt^n  oc- 
curs in  mus(-k',  it  doi-«  not  follow,  from  Hw  fact  of  its  pri-soQOd 
in  the  liver  of  carnivorous  animals,  Lhut  it  is  manufactured 
from  pruteid  subatances,  though  this  is  not  moro  difficult  to 
understand  chemically  than  the  formation  of  fat  from  thta 
source  which  is  well  established. 

Starch,  it  is  well  known,  occurs  abundantly  in  plants,  and 
there  is  no  doubt  that  the  sugar  often  pret*ent  in  abundance  has 
starch  as  its  antecedent,  and  viw  verga.  Analogy,  then,  points 
to  such  a  relation  hotween  CArbohydrult!  food  and  glycogen  for- 
mation on  the  one  hand,  and  reconversion  of  glycogen  into 
mgar  on  the  other.  And  receat  investigations  tend  to  show 
tliat  plant  metabolism  bears  a  greatpf  resemblance  to  that  of 
animals  than  was  till  recently  sup[)ose<l,  thus  giving  greater 
force  to  the  argument  from  analogy,  though  this  is  recognized 
as  generally  a  dangerous  one. 

Asmimiag  t3iis  relation  butwoen  food-stutFs  and  glycogen  to 
hold,  the  question  aristi»,  How  is  the  substance  formed  by  the 
liver?  There  are  three  conceivable  methods :  1.  The  liver-cells 
may,  we  know  not  how,  simply  dehydrate  the  sugar  of  diges- 
tion as  carried  to  them  in  the  portal  blood,  'i.  The  cells  may 
manufacture  glycogen  from  their  own  protoplasm,  in  which 
process  the  portal  sugar  is  in  some  way  used.  S.  The  liver-cells 
may  always  bo  engaged  in  the  con(<triiction  of  glycogen  as  the 
gastric  cells  of  [K-psinogen.  but  tho  accumulation  or  removal  of 
the  8ubetanc«  depends  on  tho  character  of  the  food  especially, 
tlitis,  if  the  latt^tr  obounds  in  carbohydrates,  the  blood  will  be 
Well  supplied  with  sugar,  so  that  the  glycogen  need  not  undt-rgo 
its  usual  conversion  into  that  substance.  None  of  those  views 
has  been  definitely  proved  to  bo  the  correct  one. 
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The  Uie»  of  Olycofea.— Whether  the  blood  of  tho  hf-pmlio  vet 
contniriii  more  »ugiir  ttiai]  tlint  of  the  portal  vein  Iihr  loll^  \Ht;n 
a  subjvci  of  controversy.  If  tho  afRrmativticouhl  be  eslnbli^licx], 
it  wouM  \n>  prvtty  dwir  that  Kb''^*'^'^"  ►'torwil  in  the  liver-cells 
was  traDKfortuixl  into  suj^ur.  ifos^ibly  by  u  proL-fss  of  hyilrfttion. 
Bat,  coRsiderinf;  Iht'  mpidity  uf  the  bk>o<.l-»tri-ani,  it  is  itn^y  to 
understand  that  a  large  amount  of  fiugur  might  bu  conveyed 


Uatn  puwHi  mn«t 
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HrftUfo  Hfti 


BbHxl  remtt,  llmic  etOt, 
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Fnt.  Wi.— DIkjrnui  liiirnilm)  ii>  illiuiritu  ilii'  ■rbmoI  nUtloua  of  btond  ■ 
cBni  [DUliillnn) :  luiil  thi-  mi->li<Kl  )•)-  wlilulk  tbu  (xHttt.  IjiupliaUe,  i 
>  ■»  nilatHl  to  ttw  aURivnlarr  uact. 


into  the  general  circulation,  and  yet  the  blood,  whether  of  the 
hepatic  vein  or  of  other  parts,  contain  but  a  fimnll  quantity  at 
any  on©  time.  The  blood  is  kept  of  a  certniu  fiiirly  constant 
composition,  both  by  the  artion  of  the  excreting  organs  and  by 
tho  wilhilrawal  from  it  of  supplies  for  the  tissues.  Moreover, 
that  coiTelation  of  functional  work  on  which  we  have  already 
iiimt«d,  18  not  to  be  forpotten.  One  must  not  conceive  of  the 
livor-oells  or  any  others  doing  their  work  independently  of  the 
condition  of  their  follow  cuIl-uiiitA  in  the  organic  commoD- 
wealth.  Wo  mean  to  say  that  the  amount  of  plycogen  trans- 
formed to  sugar  will  depend  on  a  great  many  circumstances 
oataide  of  the  liver  itself.  Such  aspects  of  the  case  have  iNwn 
rather  overlrmked.  According  to  another  theory,  glycogen  i» 
an  iiitermeiliate  product  between  sugar  and  fat,  but  of  this 
there  is  very  little  evidence  indeed ;  and.  besides,  fat  fomuLtioo 
is  otherwiwj  well  enough  accounted  for.  though,  of  conrso,  too 
much  i«tre^  mui>t  not  bo  laid  upon  such  an  argument. 

What  is  tho  fate  of  the  transformed  glycugeu  ?    What  be- 
comes of  the  sugar  ?    We  con  answer,  uegutively,  that  it  is  not 
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up  ill  thu  lilood,  it  is  not  oxidized  ihero;  but  by  u-lmt 
les  it  is  uitucl  or  liovr  it  is  mode  uvailitblu  iu  tho  vcouumy  is 
a  subject  on  wliich  wo  oro  profoundly  ignorant,  Tho  presence 
of  so  much  Rlycogcu  in  th«  partially  dfVuloped  tissues  of  the 
fiEtus  ]>ointfi  to  its  impurtMiicf,  and  uu^gests  its  l)eiiig  a  cruda 
Dftterial  vhicK  is  lai<)  up  to  be  further  elaborated,  as  in  vvgo- 
tiiblw,  by  tli(>  growing  protopla»nL 

Olycugvn  being  eo  generally  present  in  musclo,  iti;  diminu- 
tion running  i>ar»llul.  to  soma  vxU:iit  at  \vasi,  with  tbe  func- 
tional activity  of  tbo  tisMuo,  it  is  cltsar  that  tbere  is  some  im- 

i  porlant  purpnue  nerved ;  bnt  here  again  wo  inquire,  Wbat  ? 

Fftthologie*]. — If  a  point  in  the  medulla  oblongata  of  a  rabbit, 
correfiioiidiijg  nearly  or  completely  with  the  vaao-motor  oont«r, 
be  punctured,  the  urine  will  in  a  few  hours  be  found  aug- 
mented in  quantity  and  containing  sugar. 

It  i»  fiirtlior  found  that  tho  quantity  of  the  latter  iK'ars 
asmv  ndntion  to  tho  diet  of  tbo  animHl,  onu  woU  fud  ou  carbo- 
bydroti-»  having  more  ^ugar  in  tbo  urine  than  a.  foitting  unimaL 
From  thotM.*  facts  it  has  btHili  concluded  that  tbe  nervous  system 
has  lost  u  customarj-  normal  influence  ovor  the  glycogenic 
function,  either  directly  tlirougb  the  action  of  the  nen-en  on 
the  liver-cetls  or  through  tbe  loss  of  tone  arieting  from  injury 

.  to  the  vaso-motor  center.     Poisoning  by  cArbonic  oxiiUt  ami  tho 

^adminiittration  of  cortatn  drugs  al^o  causes  sugar  to  ap[>»ir  in 
the  urine. 

Tile  symptoms  resulting  from  puncture  of  tho  medulla,  etc., 
have  been  spoken  of  as  "  artiticial  diabetes" — a  very  objection- 
able term  for  whicb  artificial  glycosuria  should  be  substiluteil. 
There  is  a  grave  and  often  fatal  disease  known  as  diabetes 
niellitus,  one  of  the  sj-mptoma  of  which  is  the  appfyirance  often 
of  enormous  quantities  of  grapc-sngai-  in  the  urine.  But  all 
attempts  to  fathom  the  depths  of  obscurity  which  surround  this 

taialady  bavo  liooa  in  vain.  It  would  seem  that  attention  bu8 
been  directed  twi  oxohisivcly  to  tbe  liver.  Casio's  of  the  disease 
occur  in  which  at  the  poet-morlem  examination  the  livor  may 
be  perfectly  normal  in  ajipearance,  or  either  bypcrtemic  or 
ana>mic. 

It  si^ms  to  us  that  it  is  likely  that  the  disease  will  be  shon-n 
to  lio  of  diverse  origins,  or  certainly  not  referable  to  one  organ 
solely  in  most  cases.  Tho  conclusion  tbat  tho  nervous  system 
i«  greutly  coiicemud,  both  in  directing  tbe  glycogenic  functions 
of  the  liver  and  in  the  disease  in  question,  seems  to  be  un- 
doubted ;  va«o-motor  effects,  when  present,  being  probably  of 
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soconditry  imporUtiico.  We  doubt.  howov«r,  if  llie  roHults  of 
the  abuvu-DientiuiKo)  uxpuniiicnt  warrants  any  infori'Di't-s  as  to 
the  normal  glyfogi-nic  fuiirtions. 

The  instniclivu  part  about  the  disL-aso  diabc-t«8  is  the  man- 
ner in  which  the  i-ourse  of  events  emphasize  the  ioiportanco 
of  ccMirdinntton  amnnj^  the  \ital  proceitsea,  and  the  constant 
necessity  for  regulation  *if  Ihem  nil  by  Iho  norvoiis  ityHtum. 
Dial>ot««  8c«m3  to  imply  that  thu^i-  pruceesos  have  oecujied  this 
normal  control  and  arc  ruiming  riot. 

MKTABOLItlM   OF  THE  Sn.RKN. 

Tilt!  physiological  signiflcmic«  of  the  peculiar  structure  of 
this  organ,  though  not  yet  fully  understood,  is  much  plainer 


Ut 
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9fi[tM>.— Vortical  ■nctlou  or  a  nimll  niporflelaJ  |«nl'iii  iif  liuiiion  iptiwii.  Hpo  wlUi  low  ixxrrr 
CiehUFTi.  AtVOriUMtti ainl  nbri»i> o-viirliiu  :  h.  imN-i-nJu' ;  r.  r.  Hsli'iirliliu  conruHlH, 
honeniwhlanBDartvry  U  •••■ii  <,iii  inuitrvmpl)',  in  llic  >H)u-r.  ImKnudiiuiIly  i  d.  (njoMal 
■rttoUltwlRil  e. iploiD-pulii. 

than  it  was  till  recently.  The  fitadont  is  recommended  to  look 
carefully  into  the  histology  of  the  spleen,  especially  the  dis- 
tribution of  its  iniiHciilar  tissue  and  the  periilinritieH  of  ila 
bk>orJ-vaarular  system.  It  has  already  been  pnintwi  out  that 
there  is  little  doubt  that  leucocytes  are  manufactured  here  even 
in  the  adult,  pnssibly  nlso  red  cells :  and  thai  tlio  latter  are  dls- 
integrati-d,  ami  th(>  r<-Kulting  8ubstanci*s  workiil  over,  possibly 
by  this  organ  iteclf.  This  view  is  tt-ndered  probable,  not  only 
by  microscopic  study  of  ih»  organ,  but  by  a  chemical  examina- 
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lioD  of  ihfi  mpU'iiic  pulp ;  for  a  f<<rru(nu'Ji>s  protetd,  and  numer- 
ous pigniuntB,  uf  a  character  such  as  barmotiizes  with  this  coq- 
Mptinn,  are  found. 

T1k>  fact  tliut  thi'  sploon-piilp  does  not.  asTPP  in  rom|>ogition 
villi  uilliur  bluud  ur  »»rum ;  tbut  it  itboiuidx  in  extractives  such 
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— nin  iKUua  of  ■pIpMi-fnilp,  ti1|[hly  innipinwl,  «hii»i»e  mail-  at  uriirlD  at  a  nnall 
Id  iIw  iDtfntlvn  ot  iiulp  iSiIilLrcr).     iv  vvTn  AIM  •rlili  ti1t>nil'>~>r|iii«'lra.  wliiiih  ant  ID 
MOItaultT  *IUi  olbtni.  bl.  AlllnK  nji  urtuvtifM  of  rrllforiii  llwiir  of  [FUJp :  u',  null  nt 
Ttto.    Tm  itUiled  bolka  Amonjc  ml  corpu'^i'*  w  |Atu  (uriniwln. 

US  lactic,  butyric,  formic,  and  acetic  acids,  tagetlier  with  inaiit, 
xanthin,  liypoxanthin,  leucin  and  uric  acid — points  to  its  being 


■.  :,,!  Ill  l.-i  mirinniilr' lnfliTtMrtWI), 

;■  . .  rijmiT'  iii,|.'i'Iin1  :  cutely 

»IiiLi.v  kii'jUDil  corpuAfic  rfrpnaatttEA 


fy^  nt--'P<Htli»l  at  itpWll  <■!  IVf.  ■lii^tTliiie  Mnlfi  I 
a,«fWTyu«Hiilii|iiCboanHiKlcl*plma->l  ^  J  ' 
Mf  MfTHnclF  nnilfjrbut  In  lymidiatlL'  tlMUn,  Tl>< 
K|yntpbMk'«lnu». 

Ih«  wxil  of  a  roinplcx  iiK'tiilmli^ni.  thonKb  ii^^itlinr  the  chan^eA 
liiL'inMi'lvi'a  nor  l!ii-ir  pnrpo^L-  nn-  well  iiiid<-ri«t(irid. 

Nuvorthck'VM,  it  must  bu  a<lmittud  that  to  rccogiuKe  tbbi  was 
aKreataJvftiico  upon  tht-  viuw  that  thu  apk'cn  bmi  no  imiior^ 


43S 


AKiMAi.  pnvsiui.oav. 


taut  fiiiiptinii,  niitt  that  this  was  shown  by  thn  removal 
or^ii  without  change  in  the  anitnal's  ecunoiny. 

But  to  brlk'W  that  thero  nro  tto  mirli  chniigos.  itnd  to  hnve 
clear  proof  uf  it.  are  two  different  things.  As  »  muttvr  of  (ad, 
ckMier  study  duo»  oh'^w  thtit  in  tK>mo  iiiiinmls  thcru  arc-  iilt(.Tu- 
tions  in  the  lymplinlic  glniids  nud  bono-marruw,  which  urgiius 
nTf  undoubtetHy  inauufucturers  o(  hlood-culls. 

These  changes  are  unquestiouahly  c-ompenHatory,  a»d  that 
other  similar  ones  curi-eaijoudtug  to  conijiaratively  mikiiu\Tn 
functions  of  the  spleen  havu  not  as  yet  been  discovered  is  owing 
likt'ly  to  our  failures  rather  than  their  real  absence.  We  dwell 
for  n  moment  on  this,  because  it  iUustrates  the  danger  »f  the 
sort  of  reAHoniiig  that  has  been  applied  in  the  ease  of  this  and 
<jth?r  orgims ;  and  it  shows  the  importance  of  recognizing  the 
furco  of  tho  goniTiil  principles  »if  biology,  and  also  the  desirii- 
bility  of  rufrniuing  fnnn  drawing  coiielusions  tliat  aro  too  wid« 
for  the  premises.  In  everj-  di-partment  of  physiulogy  it  must 
be  more  and  mure  recof^iizod  that  wtint  is  true  of  one  group 
of  animals  is  nut  necessarily  true  of  anuther.  or  even  of  other 
individuals,  though  the  differences  in  the  latter  casie  an*  nf 
course  usually  less  marked.  We  hnvp  referred  to  this  be- 
fore, and  shall  do  so  again,  for  it  is  as  yet  but  too  littlo  con- 
sidered. 

Examinations  of  the  spletMi.  carried  out  by  means  of  the  on- 
cof^raph,  as  in  the  case  of  the  Icidney,  rereal  the  following  ftw^ts: 
1.  The  spleen  uudorgocis  slight  changes  in  volnme.  correspond- 
ing to  the  respiratory  undulations  of  blond-pressiire.but  not, as 
with  the  kidney,  to  ea<:h  heart-beat,  2.  The  sjibi-n  ex [lerionon 
rhythmic  variations  in  siite,  independent  of  the  genornl  blootl- 
pressui-e.  It  will  be  borne  in  mind  that  the  splenic  arteries  end 
in  capillaries,  but  that  some  of  the  arterial  blood  finds  its  way 
[K>ssibly  from  the  capillaries  into  the  splenic  pulp,  from  which 
it  is  taken  up  by  veins  beginning  iu  this  tissue. 

It  lis  highly  probable,  then,  thiit  tliLwo  movements  serve  to 
propel  the  l>lo<id  that  hivs  found  its  way  into  Ibu  pulp-tissue  on- 
ward into  tlio  veins  :  and  it  is  not  to  lie  forgotten  that  among 
large  groups  of  invertebrates,  in  which  ca|iillaries  are  wanting, 
u  not  very  uidike  nn.'thod  of  cjirrying  on  the  general  circula- 
tion is  found  ;  nt  the  siiniu  time,  we  may  suppose  that  such  an 
arrangement  of  blood-supply  and  removal  would  not  be  un- 
favorable to  splenic  metabolism. 

There  is  one  fact  in  the  metabniism  of  the  spleen  tlintdt 
serves  special  notice,  though  we  can  uot  indicate  all  it«i 
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ings.    Uric  iicid  U  fuiirid  iit  the  spleen,  fveu  of  herbivorous 
animals,  tUoutfh  not  in  thuir  uriuu. 
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F  T  I  T  r  T  Mu  I  I  1  T  I    f  r  T  1L-rr^- 

Fm.  SB.-'Tnvdus  of  (ulHiIe  vwiailcui*  lu  ilu.  ULkm  vlth  itu-  nw-iieratih  inft^r  JIfy}.  Tlia 
iBcnaM  io  vcJumv  la  lintkalol  In  iifiiirr  ininni  by  ilm  bkhiI  huI  iIw  illiiilniiTii  hi  by  lb* 
4t»wnL  The  Indu  h<>]ow  I*  of  ilu-  lilHod-pmniirv  u  Ukni  In  csroUii  onprjr  of  dog. 
ns  to««r  Hue  lulloau*  umr  mstkldeB 

It  IB  known  tJmt  this  constituent  of  the  urino  ia  increased  in 
inti?rmiltL'tit  ft-vi-r  (ii^l>}.  in  which  disciiHO  the  spleen  i»  uft«n 
tally  enlftrgL-d,  Thu  viisculur  engorguinont  and  thu  height- 
led  nietalmliiiiu  of  the  spleen  seem  to  be  muocinted ;  and  tha 
Tact  thai  the  wrif-acid  diulhusis  is  often  intensified  if  not  origi- 
nat«d  by  overfeoding,  suggeBts  a  couuecti<jii  between  the  epleen 
and  the  digestive  system  at  all  events.  Much  aa  there  is  that 
remaiiui  uhacnro,  we  think  it  t-an  not  be  doubted,  on  the  evi- 
deiKv  riiriiiithwi,  tliat  the  spleen  iiiiist  ser%'e  some  very  impor- 
tant purpose  in  tile  economy,  apart  from  its  relations  to  tho 
blood,  noticed  in  an  earlier  chaptn'r. 

The  dominion  of  the  nervous  system  over  the  spleen  is  evi- 
dent from  various  facts.  The  spleen  may  be  diminished  in  size 
either  generally  by  the  stimulation  of  the  vagus  or  splanchnic 
nerves  directly,  or  reflexly  through  stimulation  of  one  of  the 
afferent  nerves;  and,  locally,  by  direct  application  of  the  elec- 
trodes to  the  surface  of  the  organ.  Stimulation  of  the  medulla 
itwlf  also  leaiit  to  contraction  of  the  organ.  It  would  seem 
thai  not  only  the  art«rics  hut  tho  organ  an  n  whole  ii*  main- 
tained in  a  state  of  toiiii-  contrni-tion  to  a  certain  extent  by  the 
agOBcy  of  the  nervous  sysU^im.  Not  only  «o,  but,  if  we  may 
jndge  from  the  analogy  of  other  orgitnif,  we  may  believe  that 
he  mot«lxiU»m  is  directly  controlled  by  tho  nervous  system. 
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The  CoNSTKccTKiK  oc  Fat. 

It  is  a  wwll-kiiowii  fttct  thftt,  8i)oakiuK  goiiurally,  a  diet  rich 
in  carbohydnitus  favurs  f»l  furmaliun,  Itotli  in  man  and  other 
anjriiuls;  thoiit;!!  it  is  not  to  be  forgotten  that  many  per^nnii 
seem  to  be  anabtu  to  digust  such  food,  or,  at  all  events,  to  »»• 
MUlUate  it  BO  BH  to  form  fat  to  iiny  great  extent.  HerKonH  given 
to  exceasive  fat  production  are  as  fretjuently  as  not  sparing 
UAerti  of  fat  itself. 

It  in  poHsible  in  man  and  probable  in  i-uminanls  that  fer- 
mentations may  occur  in  the  intestines  giWng  rise  to  fatty  acids 
vhi<'li  are  possibly  converted  into  fats  by  the  cells  of  the  villi 
or  elsewhere.  Certain  feeding  esi>eriment.s  favor  the  view  that 
Cftrbohydratos  may  be  converted  into  fat  or  in  some  wny  givo 
risi'  to  an  im-itiise  iu  this  substance;  for  it  in  to  Iw  boriiu  in 
mind  that  fat  may  arise  from  n  certain  diet  iii  various  wayo 
other  than  il«  direct  triinsformntiun  into  this  subst^uico  itself. 

Theru  are  certain  fact8  that  uiaku  it  clear  that  fat  ran  be 
formed  from  proleiil»:  1.  A  cow  will  produce  more  butter  than 
can  be  accomil.L'd  for  by  the  fat  in  her  food  alone.  2.  A  bitch 
wljich  iiad  been  fed  on  meat  produced  more  fat  in  her  milk 
than  could  have  been  derived  directly  from  her  food,  and  this, 
when  the  animal  was  gaining  in  weight,  which  is  usually  to 
be  tmcvd  to  the  addition  of  fat;  so  that  the  fat  of  the  luilk 
was  not,  in  all  probability,  derived  from  ttist  of  the  dog's 
body;  and,  as  will  l>e  seen  presently,  can  bo  accounted  for 
without  such  a  RUppoiittioii.  3.  It  has  been  shown  by  aunlysis 
that  47i  parts  of  fat  were  deposited  in  ttto  body  of  a  pig  for 
ever>'  100  in  it«  iood. 

These  fttct*  of  thom«elvo8  suflice  to  nhow  that  fat  can  be 
formed  from  protcid,  or  at  least  that  protuid  fond  can  of  itself 
give  rise  to  a  mctaljolism.  resulting  in  fat  formation:  and  the 
latter  is  probably  the  better  way  to  state  the  case  in  the  present 
condition  of  knowledge. 

An  examination  of  the  percentage  compaiition  of  prot«id 
and  urea  renders  a  possible  cimstruction  of  fat  from  prol*id 
conceivable  and  in  harmony  with  other  lietter  known  physi- 
ological facts. 

Ouiwo.       lly<IiTirpn       XRrneFa,         Otygr*.     Sulpliur, 

Prolda S300  J-30  15-.W  83-IM  yiH 

Vjm... 20-00  G-6Q  40-0}  Sltffl 

It  will  l»e  seen  that,  if  we  assume  that  the  urea  discharged 
repreBenUi  the  whole  of  the  nitrogen  that  p»>«tes  through  the 
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Ixxly,  tliere  would  reuisin  for  dixpcital  otherwi»o  a  largo  aniuunt 
ui  cHrlxiu,  for  there  is  nearly  thrwu  timi-tt  us  mucli  of  this  ele- 
ment in  proteid  aa  in  urea;  eo  that  it  is  pussihle,  from  a  chemi- 
cal point  of  view,  to  understand  the  origin  of  fat  from  the  pro- 
^teid  FotmI;  but  too  uiuch  inipurtauce  must  not  he  attached  to 
suoh  speculation!!. 

That  fat  is  a  real  formiitiou,  dependent  for  itH  coinposition 
on  thii  work  of  living  tist^ues,  ix  clwir  from  the  well-known  fact 
that  the  fat  of  une  aninml  difTvrti  from  that  of  anotlitir.  and  that 
it  pn-MOrvM  its  identity,  no  matter  what  the  food  may  t>o,  or  in 
what  form  fat  it.self  may  bo  provided.  Certain  const  it  nonts  of 
the  anininl'ii  fat  may  be  wholly  iitiseiit  frfjiu  the  fat  of  its  food, 
yet  they  ujipeai'  ju>«t  the  same  in  tlie  fat  proiluved  under  such 
diet.  Even  beea  can  construct  their  wax  from  protcid,  or  use 
anlike  suWtam'Os,  as  sealing-wax. 

But  histological  examination  of  foiining  a<lipuse  tissue  itself 
throws  much  light  upon  the  subject.  Fat-cells  are  those  in 
which  the  protoplasm  has  lieen  largely  replaced  by  fat.  The 
Utter  is  seen  to  arise  in  the  former  as  verj'  small  globules 
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which  Piin  toRfithpr  more  and  more  till  they  may  wholly  re- 
[iliwro  tlie  orij^iual  protoplasm. 

Tho  liistorj'  of  tho  inaminnry  gland  itt,  perliapn,  fttil)  more 
instriiotivc.  In  this  case,  tlio  appearaiK-e  of  th«  cells  during 
hctntion  aiid  at  other  periods  is  entirely  different.     Fat  may 


iiUinn-  'if  (,-lnii.l :  .v,  iii|ipl-' :  j|,  wtni  i.i  i;i"'i'l  ^  ■■•  <■■ 
fokit  Id  wLiW  mHkiliicu;  ^.  •vclluii  kF  »|rhlD01«r  uiiitcli 
(nllk'ilUL't  In  iilpidf . 

1)0  s(M.in  to  itrim.'  within  thcvte  (.-Alls  and  \k-  extruded,  perhaps  in 
th(i  sumo  way  Hit  (III  Aiii<L>liu  gvti^  rid  of  tho  wnsle  of  it«  food. 
80  far  o*  the  animal  is  conceruod,  milk  is  an  oxcrotiou  !n  a 
limited  sendu. 
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II  US  in  thf!  naturfi  of  thfi  case.  im|>0!«eibk>  to  follow  willi 
Uie  eye  the  funimtion  an<l  .tepnratioii  of  milk-su^r,  cuxcia,  etc. 


U 


O       3  0   Q 


^    ft 


Fio.  m.— I    AdBiu  rmin  RinminB  at  a  MIoli  whim  liMPtln-  intlrr  lli-lili-iilialat.    H.  DiirlUK 
■KVoUooaf  iiillt     n.  A.  milk  (liihulM ;  t.  d,  r.  ■.vltatnun-curfJUiu-km  ;  /.  poli-tvUiL 

But  till*  wholo  iiiocess  is  plainly  the  work  of  the  cells,  and  in 
no  mevlmnictil  senso  ft  uiuit'  di'position  of  fat,  etc,  frum  the 
blooi) ;  ftiid  tin-  i^aiiR'  view  ujipliw}  lo  the  construction  of  fat  hy 
ounDOCtivD  (iulipu<H<)  tissuo. 


•  aV 


^1 


^0 


9^ 


eo 


X' 


Piu.  m. 


piD.  m 


rn.  W.— Etnnuui  inillr  kIoIhiIm.  fram  ■  hratlh^  Ifliutln  wnran.  (Vlil  dnyi  arier  ilcllti>TT 

Ph.  nE^^olaHrum.  ttmu  •  liKKlth)'  lytnjc.lu  HMiinn,  tnFl<*  Tiuim  a.fln'  itlh^rf  iPiiiilw). 
1W  Mmmin'OariiiitBln  an-  Unin  luid  iirMiiiUri  ihaj  Kradually  dtappMr  (ruiii  Uie 


Wliethcr  fnt,  as  such,  or  fatty  acifJ.  is  rlonlt  with  without 
boitig  bnili  11)1  into  tliu  protopla)<Qi  of  the  coll.  is  not  known  : 
but,  tiikinf;  nU  the  facts  into  tbt.>  uccount,  and  considcriug  tl)« 
'ti'bavior  of  c^-lls  (toin-nilly,  it  sii-ms  most  imtiirHl  to  ppgnnl 
tbe  consimotion  of  fnt  as  u  sort  of  si-cretion  or  fxi-retioii.  To 
mpitnae  ttmt  a  living  cell  acts  upon  material  in  the  blood  as  s 
workman  in  a  factory  on  his  raw  material,  or  even  aa  a  clieroist 
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does  in  the  laboratory,  soomB  to  be  too  ermle  a  concpplioii  of 
vital  proc'eiises.     Until  it  can  be  ren<lere<l  very  iinicli  clt^rer 


Fid,  nn.-MlcKacupJo  tppMVtinoM  of  - 1,  milk  :   ll.nviiin;  Ill.hiiiiN'i  IX'.  ooloauuDi  (rf 
man  l  v.  aaloatrum  of  mw  infter  TluuiboOiti. 


than  at  present,  it  is  not  safe  to  assume  that  their  chemiRtry  is 
our  chemistry,  or  tlieir  inutliotls  our  motliods.  It  may  be  8o; 
but  let  HB  not,  in  our  dosiru  for  simple  explanations  or  unilue 
haste  to  net  some  sort  of  theory  that  a|>parently  fits  into  our 
own  knowledge,  assume  it  Rtatuitously,  in  the  absence  of  thd 
cloaret4t>proofs,  especially  when  our  failures  on  this  RUpi>o«ii- 
tiou  an.i  «o  numerous. 

We  may  say,  then,  that  fat  is  not  merely  wlected  from  the 
blood,  but  formed  in  the  animal  tisttuvH:  that  fnt  formation 
may  lake  place  when  the  food  e011.4i.stf  lnrg*ly  of  cail>ohydruk-s, 
wlien  it  \»  chiefly  proU-id,  or  wl»-u  protoid  and  fatty.  In  otht-r 
words,  fat  rusultit  from  the  metalxtlism  of  curtain  cells,  which 
is  facilitati'd  by  thu  consumption  of  carboliydrate  and  fatty 
food,  but  is  possible  when  tlie  food  is  chiefly  nitrogenous.  We 
mu.it,  however,  recognize  differences  JHJth  of  the  specie**  and 
the  indivi<hial  in  thin  re.spect,  as  to  th*^  extent  to  which  one 
kind  uf  fiiod  or  the  other  most  favors  fat  formation  (excriv- 
tion).  The  use  of  the  adipose  tiscue  an  a  packing  to  prr-- 
veut  unduu  oscapu  of   hi<at  is  v%'idi<nt ;  *but  movu   imixtrtant 
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3MI  aro  probubly  mrvvd,  as  wUl  appear  from  later  consid- 

PathologieaL — Corpulence,  or  excessive  fat  formation,  lending 
to  the  liamfteriDi;  of  res]iiration,  the  action  of  the  mnncles,  and, 
lo  a  certain  extent,  many  other  functions  of  tho  hcJy,  dtjos  not 
kftrise  usually  till  after  middle  life,  whea  tho  orguuism  bat) 
'  seen  its  best  day^.  It  sooms  to  itidicato,  if  wu  judge  by  the 
frequency  of  fatly  degeneration  aftiir  diHoasv,  that  the  proto- 
plattm  slops  short  of  its  host  metubuliBm,  and  becoraeB  de- 
graded to  a  lower  rank ;  for  certainly  adipose  tissue  does  not 
occupy  a  high  placw  iu  the  histological  scale.  Many  pttrsons 
given  to  exceetiive  fat  formation  are  fond  of  sacchnriuo  and 
amylaceous  foods;  but  the  fact  that,  under  lliw  strictest  diet, 
the  abnormality  can  be  but  moderately  controlled,  shows  that 
the  main  jjoint  is  the  existence  of  the  habit  of  certain  cells 
naturally  to  form  fat.  which,  in  diseasi>,  becomes  exaggerated, 
or  i«  taken  up  by  ntlient  that  normally  have  little  share  in 
such  Work.  Such  pathologiL-al  facts  throw  a  good  deal  of  light 
upon  the  general  nature  of  fat  excretion,  as  it  would  be  better 
to  term  it,  perhaps,  and  seem  to  warrant  the  view  that  we  have 
presented  of  the  metabulic  processes. 

Although  the  nerves  governing  the  secretion  of  milk  have 
not  been  traced,  there  can  be  no  doubt  that  the  nervous  system 
controls  this  gland  ali^o.  T)w  intluenceof  the  emotions  on  both 
the  quantity  and  quality  of  the  milk  in  the  human  subject  and 
in  lower  animals  is  wuU  kuown.  There  seems  to  he  no  doubt 
that  milk  of  an  injurious  if  not  absolutely  poisonous  character 
may  be  formed  under  the  influence  of  depressing  or  unusually 
eicitjng  emotions,  as  grief,  rage,  etc.  We  know  less  about  the 
■  influenco  of  the  nervous  system  in  fat  formation  elsewhere, 
though  it  is  well  enough  established  that  persons  grow  thin 
under  worry  as  well  as  excessive  mental  and  physical  exertion. 
In  the  latter  case,  it  is  not.  improbable  that  the  overworked 
mnsclee  may  draw,  in  some  way,  on  the  stored  fat.  At  the 
same  time,  fat  formation  may  be  interfered  with,  and  he  an  ex- 
pression of  the  unnatural  conditions  generally  that  have  been 
established.  Such  cases  are  too  complex  to  permit  of  being 
completely  unraveled, 

ComparatlTt. — While  breeders  recognize  certain  foods  as 
tending  to  fat  formation  and  others  to  milk  production,  it  is 
interesting  to  note  that  their  experience  shows  that  race  and 
individuality.even  on  the  male  side, tell.  The  same  conditions 
being  in  all  respects  observed,  one  breed  of  cows  gives  more 
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and  t)ottcr  milk  than  Auothor,  hiuI  tho  bull  U  liimsolf  able  lo 
transmit  this  peculiarity ;  for,  vrhen  crossed  with  otlior  bmtls. 
he  im[>rovu8  tho  milking  (iiinlitit^  of  the  lattor.  IntliTitlual 
differeticos  arc  also  wvU  known. 


Thk  Mktaholic  Processes  coxrERNED  in  tub  Formatios 
OK  I'KKA,  Uric    Acid,    Hippuric    Acid,    and    Alliku 

BODIEiS. 

Creatiu  in  represented  by  the  formula  CtH.XiOt,  and  crea- 
tiniii  by  CtH.NiO — ihnt  is,  the  latter  may  ho  regarded  as  tho 
firmer  dehydrakil.  Creatinin  occurs,  us  we  have  wwn,  in  urine, 
and  the  queation  arijifs,  Is  Iho  crwitin  of  muscle  the  antecedent 
of  the  creatiiiin  of  urine  Y  Creatin  when  injected  into  the 
blood  r(^ppears  as  creatinin  in  the  urine:  but  the  latter  sub- 
stance  lit  not  increased  by  exercise,  though  the  rreatin  of  the 
muscle!"  is,  while,  like  urea,  creatin  is  augmcntT.'d  by  a  proteid 
(Eleiili)  diet.  It  is  not  clear,  theti,  that  the  creatin  of  muscle 
has  any  definite  relation  to  the  creatinin  of  urine.  But  cren- 
tin  occurs  not  only  in  muscle,  but  in  a  variety  of  other  tis- 
sues, including  the  nervous  ;  in  fiiot,  it  may  be  rejrarded  aa 
one  of  the  pr<Mlucts  of  proleid  metabolism.  Putting  these 
facts  along  with  tho  absence  of  un-a  itself  from  muscle  and 
many  other  tissues,  there  is  some  probability  in  the  view- 
that  creatin  is  one  of  the  antec«:lents  of  urea;  possibly  it  is 
one  of  the  products  which  the  kidneys  directly  convert  into 
urea. 

There  are  sevfiral  facts  which  point  to  the  liver  aelwing 
tho  scat  of  urea  formation :  1.  Leucin,  when  taken  in  large 
quantities,  reappears  in  tho  urine  as  uroa,  or,  at  all  events,  is 
followed  by  an  increase  in  the  excretion  of  urea  by  the  kid- 
neys, i.  In  certain  diseases  of  the  liver  (acute  atrophy)  urea 
is  largely  replaj^ed  in  the  urine  by  leucin  and  tyrosin.  Now, 
since  thi*  consumption  of  much  proteid  matter  is  soon  foU 
lowtxl  by  an  excess  of  urea  in  the  uriuo,  and  since  in  such 
cases  it  is  likely  thai  a  gocnl  dcuU  of  leucin  and  it^  compan- 
ion, tyrosin,  are  formed  in  the  digestive  tract,  which  we  may 
su]>pose  are  curried  directly  by  the  portal  blood  to  the  liver, 
the  conclusion  has  been  drawn  from  this  and  the  facta  juet 
mentioned,  as  woU  us  others,  that  the  liver  is  u  former  of 
urea. 


I 


2.    CN.XH,  +  H.0  =  CON.H* 

CyaiuuMlilE. 

U'ucm  is  (tciido-CBproic  acid  (CHiCH/:HiCH,CH(NH,) 
COM).  .... 

Anuthur  umidu-aoid,  glyciii — 

Amiilo-MvUi-  ■Kid, 

vhoa  introduc<Kl  into  tlio  digestive  tract,  gives  ttse  to  on  in* 
croiwe  of  tho  uroA  of  tli«  uriuc. 

It  will  ho  8Mni  tluit  ainmooia  cumpounds.  both  in  iliv  labora- 
tory and  appnrpiitly  ju  the  body,  Iiavu  u  fitriiiativo  relation  to 
urea;  but  beyond  th is  we  can  not  go  very  far  in  funiit^hinga 
chemical  explnnation  of  the  funnatioQ  of  urea  as  a  ]>art  of  a 
seriea  of  metabolic  procoeaes.  Do  the  kidneys  merely  pick 
nut  from  the  blood  and  pass  on  into  the  urinary  tubules  the 
already  formed  urea — i.  e.,  eat,  bo  to  ejieuk,  and  then  discharge 
it,  Amcebo-Itke — or  do  they  mannfacture  it  from  bodies  that 
have  gone  on  the  way  a  certain  distance  toward  urea  before 
they  reach  the  kidneys;  or,  again,  do  they  form  urea  in  soniu 
such  way  as  the  mammary  gland  coiistruets  fat  ? 

If  the  ureters  bo  tietl,  the  renal  urtorioa  ligatured,  or  tho 
kidni^j's  t»xtirpato<l,  urea  accumulates  in  the  blood  aiul  tissues. 
Thie  might  be  explained  on  the  suppositiuii  that  ur^a  formed 
clsowhere  was  not  elimiiiHtvd;  or  that  some  body  related  to 
urea,  and  the  usual  transformations  of  which  are  completed 
in  the  kidneys,  under  thete  unwonted  circumstances  becomes 
area,  either  in  the  tissues  in  which  it  arose  or  elsewhere. 

We  can  not  pronoiftice  with  certainty  in  favor  of  any  one 
or  all  of  these  conceivable  methods.  We  may  perhaps  assume 
that  cpeotin  and  po)«sibly  other  allied  bodie.i  are  antecedents  of 
area;  that  the  leucin  and  perhaps  the  tyrosin  of  digestion  iti 
eomo  way  give  rise  to  urea;  and  that  the  liver  and  possibly 
the  spk^en  are  orgtuis  in  which  a  portion  of  the  urea  is  formed : 
that  a  part  of  the  ur«a  of  uriao  is  simply  withdrawn  from  the 
blood  by  tho  kiduc<y« ;  but,  as  to  whether  any  part  is  made  by 
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the  latt«r  ia  either  of  the  Bensea  to  which  we  have  alluded 
Above,  is  a  matter  uu  which  there  is  very  little  evidence.  It  itt 
porhni>s  best  to  oAsutne,  at  least,  the  possibility  of  the  tnith  of 
both  uf  tht^>in. 

Uric  Aeld. — This  substance  can  be  oxidized  in  the  Inbunitory 
to  urea,  thnx: 

aH.N.O.+  H^  +  O  =  C.N.HA  +  CN,H.O, 

Uric  acM  AlbmiL  Vrm. 

%o  tlint  it  has  been  aBsumed  that  uric  acid  in  the  body  is  a  stago 
diort  of  urea,  and  this  seemed  the  more  plausible,  since  tt  re- 
platx'M  the  latter  in  the  c<dd-bloode<l  animals.  But  this  is  not 
entirely  the  caae.  for  in  the  frog  urea  is  found  in  the  urine, 
and  our  knowledge  of  this  secretion  in  most  of  them  is  very 
incomplete ;  moruovor,  in  the  birds,  r4.<prv8(<nting  Ihu  very  great- 
est degree  of  activity  and  tin?  highL'«t  oxidative  capacity,  uric 
acid  is  the  principal  nitrugeuous  body  of  the  urine,  and  not 
urua. 

Pathological. — When  there  is  escessive  indulgence  by  man 
in  ])i\il>iii  fi.)i"is,  etc.,  the  uric  acid,  normally  small  in  quantity, 
is  increased  greatly,  and  may  give  rise  to  depositions  of  urates 
about  the  joints. 

It  !t(>enis  best  to  regard  uric  acid  as  the  result  of  protoid 
metabolism  vhon  of  a  certain  type,  and  urea  as  the  outcome 
of  the  vital  processes  of  animals  of  a  distinct  physiological 
type. 

Evolation. — There  is  a  good  deal  of  paleonlological  evidence 
whicti  puinta  to  a  phylogenetic  (ancestral)  relation  between 
birds  and  reptiles;  hence  the  many  points  of  functional  reaem* 
blance  between  these  groups  of  creatures  now  so  different  in 
form  and,  in  some  respects,  in  functions.  The  excessive  pro- 
duction of  uric  acid  (uric-acid  diathesis)  can  bo  understood  in 
the  light  of  physiological  reversion.  Il  is  well  known  that  this 
dialhfvis  is  hereditary — that  is  to  say.  the  metabolic  habit  of 
excoHsivc  production  of  uric  acid  may  bo  imparted  to  offspring. 

Eippurio  Add. — Among  the  herbivora  hippuric  acid  may  be 
said  to  replace  uric  acid.  In  the  laboratory  this  acid  may  bo 
mode  from  benzoic  acid  and  glycocol  (glycin),  thus : 

B«UB>li'  acid.  aircln.  ]llppuri«  Mid. 

It  18  interesting  to  note  that,  when  benisoicacid  isswalloi 
by  man,  hippuric  acid  appoars  in  the  urine ;  and  it  is  said  that 
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when  Wood  cflntainiiiK  twtizoic  acid  is  mixed  with  fresh  minced 
kidiioy  it  is  traiisformwi  lo  hipptiric  acid.  Hay  contains  a  ben- 
2oEc  compoinxl,  ko  thnt  it  is  tint  difficult  to  lind  a  starting-point 
for  tho  hippurie  at-iil  of  the  herbiv<)r;i.  In  these  inHtances  it  is 
ussamud  thnt  glycin  is  nddwd  in  the  kidneys;  Imt,  as  a  matter 
of  fuct,  thi»  (tubstuucv  ha.-*  not  as  yet  been  found  anywlicrc  in 
the  body,  thuu|j:h  it  is  posrtibh'  to  coiicoive  that,  like  peptone, 
it  might  \>v  turmed  and  dii^utppuar  (ht)  used)  as  fast  as  guu- 
erate)]. 

The  above  is  one  of  the  clearest  cases  favoring  the  view  that 
the  chemical  processes  of  the  body  do  really  very  much  resem- 
ble thi>flo  of  the  laboratory.  But,  considering  the  <liJticulty  as 
to  glycin.  and  that  the  liver  also  can  form  hippurie  acid  under 
similar  ciriTumstiuicea  (thosto  mentioned  al)ove),  and  that  there 
are  Several  labonitory  motlKids  ftir  ihi*  synthesis  of  hippurie 
acid,  it  behooves  us  to  be  cautious  even  iii  this  case,  the  chain 
of  facts  being  by  iiu  means  complete*. 

Of  the  origin  of  the  allied  bodies — xanthin,  etc. — nr  their 
fate  and  purpose,  we  know  very  little.  Their  resemblance 
clieTQically  to  certain  alkaloids  in  tea,  coifee,  etc.,  is  suggestive. 
Atv  they  natural  stimulauts  ? 

ToK  Stcdy  of  the  Metabolic  Processes  by  otoer 
Mbtiiods. 

It  will  be  abnndantly  evident  that  our  attempts  to  follow 
the  changes  which  the  food  undergoes  from  tho  time  of  its 
introduction  into  tho  blootl  until  it  is  remove<I  in  nltereii  fonn 
from  tho  body  has  not  been  as  yet  uttended  witli  grwtt  success. 
It  is  possiblo  to  est'Ublish  rehitioii^  between  the  ingesta  and  the 
flgeote,  or  tlio  income  and  output  which  have  s  certain  value. 
It  is  important,  however,  to  remember  that,  when  quantitive 
estimations  have  to  be  made,  a  small  error  in  tho  data  liecoraea 
a  large  erwir  in  the  final  estimate;  one  untrue  assumption 
may  \-itiate  completely  all  the  conclusions. 

In  discussing  the  subject  we  shall  introduce  a  number  of 
tables,  but  it  will  lie  remenibeipd  that  the  results  obtained  by 
one  invcjttigator  differ  from  those  obtained  by  another;  and 
that  in  all  of  them  there  are  some  deviations  from  strict  ac- 
caracy,  so  that  the  results  must  l>e  n-gaiiled  as  only  approxi- 
mately correct.  It  is,  however,  wi-  think,  bettor  to  examine 
Buch  statistical  tables  of  analyses,  etc.,  than  to  rely  on  the 
more  Terlml  statement  of  certain  results,  as  it  leaves  more 
Its 
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room  for  iiiiliv'ulual  judgnu-iit  ami  tin*  n*isiinilation  of  sac! 
iile»»  as  tliey  may  suntyr-st  uul»i()>/  of  tho  suljjccl  in  ImiiJ. 

Till-  subject  of  diet  is  a  very  large  oik»:  but  it  vriU  bo  evi- 
dmU  on  1*0(1  taction  tlint,  before  an  avera^G  <Het  can  bo  pn^cribod 
on  any  »cii-iilitio  grounds,  tlie  coinposition  of  tlio  Uidy  and 
thu  naluru  of  th(>»o  |>r(j(;ei*sP3  on  vrhicb  nutrition  g«aura]ly 
dt-iKvuds  muKt  bt'  known.  Notaliltlo  may  }te  Imrnod  by  an 
oxumiuatioii  of  tbu  bi>bax'ior  of  iho  body  in  tlitt  abst-'uc^  uf  all 
diet,  wliL-n  it  may  bo  naid  to  ft'ed  on  it^^i'lf,  one  tiiifue  su]>- 
plyini;  another.  All  storvliig  uuimult)  urv  in  tlie  nature  of  th(> 
case  carnivorous. 


I 


Composition  of  the  ^fammaiian  Ba<Jj/. 

m 

Aduknaa. 

Maw-bwn  cUU. 

194 
41-8 

1-7 

t-a 

164 

IT-T 

23 -D 

AlHtumiiml  viKcra. 

30 
ll-S 

ic-a 

an 

1-0 

For  tlio  cat  an  analysis  ha.i  yielded  the  following: 

Mu»ck>  and  tt-udon.'' 4.5'l)]>er  cent. 

Bonos 147       " 

Skin \tO       " 

Mesentery  and  adipuiw  tiKiiuo 3'8       ** 

Liver 4-8       " 

Blood  (esoapinfc  at  death) fi-O       " 

OthiT  organs  and  tissues I3"7        " 

Thf  large  pnjportional  wciglit  of  the  nniscles,  the  similarly 
largo  amount  of  blood  llit-y  receive,  wbich  is  striking  in  the 
case  of  the  liver,  also  euggtist  that  tlie  motubolism  of  these 
structures  is  very  activt',  and  wo  sliould  i-xp^-t  that  they 
would  lose  greatly  during  a  starvation  period.  It  isu  matter 
uf  common  observation  that  utiimals  do  \om  weight  and  ffrow 
thin  under  such  circumslanoL's,  which  means  that  thfv  must 
lose  in  tho  mnsirli-s  and  the  adipose  tissue.  Attempts  have  lieeJi 
mado  to  d4^terlnine  exactly  the  extent  to  which  the  various 
tisiiues  <lo  suiter  during  complete  abstinence  from  food,  and 
this  may  be  gatliere*!  from  the  table  given  below. 

Starvation, — A  cat  weighing  3,4«4  grammes  lost  before  doath 
on  the  eightueutb  <hiy  1,197  grammes  in  weight.    Of  this  Hbuut 


I 
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gmnim<^  (17  por  cont)  wiik  in  allmriiiiimii;  mnttor;    132 

iRiniiis  (1 1  por  cent)  loss  of  Tat ;  8ii3  t{i^>"i>"t-'8  loss  of  wutcr,  71 
per  cotit  of  Ihft  toUil  boiJy  weight. 

It  %rill  not  bit  forgottOD  tJmt  about  thn-o  fourths  of  the 
iKHly  is  iiiimIu  tip  of  wntur,  m  thut  thv  1oh«  of  so  !ar^>  au 
nmoimt  of  tho  Inttor  during  sturvation  is  not  wholly  InoxpH- 
calili'. 

In  tlie  case  of  another  cat  during  a  starvalinn  perio<l  of  thir* 
teen  daya  ?3t  grammes  of  solids  were  lost,  of  wliich  248  gramrnM 
wei-e  fat  ami  IIS  muscle — i.  e,,  about  one  half  of  the  totnl  loss 
was  referable  to  thate  two  tissues  alone. 

The  other  tiaaues  lost  as  follows,  estimated  as  ilry  solids: 

Adipose  tissue ayo  per  cont. 

Splwn C3-:        " 

LivLT Btt'G        " 

MuBoles 30-i        " 

Blood i,.... 17'tl       " 

Brain  and  spinal  corti O'O        " 

It  will  be  oliserviid  {a)  tiiat  the  biss  of  the  fatty  tissue  wna 
gnwtvst,  nenrly  all  disappearing;  {h)  that  tlic  glntidular  )<ti-uct- 
ures  wore  next  in  ordw  tliy  greatest  sufferers;  (c)  that  aftor 
thom  oomi<  tlic  skeletal  mnscluK. 

Now,  it  lias  bcim  already  soon  that  tlioDO  tissue.<<  all  oiigdge 
ia  an  activo  niotabolism  with  Iho  uxcwptiuii  of  odipoM  tis- 
ena. 

The  small  loss  on  the  part  of  the  heart,  which  is  still  less 
for  tbe  nervous  syttteni,  is  esi)ecially  noteworthy.  Two  ex- 
planations are  possible.  On  the  one  hand,  we  may  suppose 
that  their  metaI)olisiii  is  (tclivo.  but  that  they  feed  in  .snnii.' 
son.->c  on  the  other  ti-vtuos,  and  thus  preserve  themselves  from 
loMti  of  substance.  But,  again,  we  have  seen  that  the  fnnctioiinl 
activity  of  the  nervous  system  is  not  accompanied  by  any  very 
murktt]  chemical  pheiionn-na  that  wo  have  succoodtid  in  detect- 
ing^ at  all  evuuticaiid  little  is  known  of  the  metabolism  of 
the  heart  itj«elf.  Do  it«  pul»ntious  from  long  habit  go  on  with 
little  expenditure  of  energy,  ns  is  tho  case  with  the  automatic 
worknmu  engaged  in  a  narrow  round  of  duty  ?  Has  the  nerv- 
ous system  in  the  course  of  its  evolution  acquired  the  power 
uf  aecomplisliiog  much,  like  pursons  with  special  aptitudes, 
with  little  loss  of  energy  Y  It  is  not  possible  to  decide  exactly 
vhit  itlmre  these  several  factors  may  take;  though  that  they 
all  and  others  as  yet  unrecognized  do  share  in  the  general 
rault  seems  probable.     The  loss  of  adipose  tissue  is  so  striking 
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tliftt  w(>  must  reftard  it  as  nn  uspecially  valuable  storehouse 
onerfty,  available  as  requirwl. 

When  we  turn  to  the  urine  for  information,  it  is  found  tlint 
in  tlio  altovfl  ctk»f  ^7  Rrammes  of  nitr<>K*»n  wei"©  e3ccn?t<^  ftinl 
ulmu»t  ciitir^-Iy,  of  fDun*!-.  in  tln>  form  of  urt-a:  ami  »\nvv  llic 
loss  of  nitrogen  ft-om  t)io  nniHclas  amounted  to  15  grammoi*.  it 
will  apputir  that  more  tlnin  one  tinlf  of  the  iiitrof^i-imus  uxcfL-ta 
is  triu-L-ablu  to  the  metnbolism  of  muscular  tissiio.  It  has  lK-<-n 
customary  to  account  for  tlic  urea  in  Iwo  ways :  fir«l,  tm  derivM 
from  the  mvtabolism  of  tlto  tiK^ucM  a^  i^uch,  aud  continuously 
throughout  tliu  whulo  tttarvaliou  pfriud ;  and,  secondly,  from  a 
stored  (iurplus  of  pruteid  which  was  asiiumed  to  he  used  up 
rapidly  during  tlui  early  days  of  the  fasting,  and  was  the  luj-ut 
comtiimplion  of  certain  investigators, 

ComparatiTB. — Kxperiment  has  fthnwn  that  the  length  of 
time  during  wliJL'h  different  grnupsof  aiiirniiliicaii  endure com- 
ploto  wiihdniwal  of  fond  i.-;  very  viirinhle,  aud  this  applies  to 
individuals  as  well  (i»  species.  That  such  differences  hold  for 
the  human  subject  is  well  illustrated  by  the  history  of  the  sur- 
vivors of  wrecks.  Making  great  allowances  for  such  devia- 
tions  from  any  such  results  as  ran  l>e  estahliethed  by  a  limitutl 
number  of  experiments,  it  may  he<  stated  that  the  human  being 
Kuccumlm  in  from  twenty-one  to  twenty-four  da>'»;  dogs  in 
good  condition  at  the  outset  in  from  twenty-eight  to  thirty 
dajrs;  sumll  mammals  and  birds  in  nine  dnyn,  and  frogs  in 
&ino  uontlui.  Very  uuicli  ilejiends  on  wlielluu'  water  is  allowed 
or  not — life  lastiug  much  longer  in  the  former  case.  The  very 
young  and  the  very  old  yield  sooner  than  persons  of  middle, 
age.  It  has  been  estimated  that  strong  adults  die  when  they 
lose  J*!  of  the  body  weight.  Weil-fed  animals  lose  weight 
more  rapidly  at  lirst  than  afterwaril. 

Diet. — All  experiments  and  observations  tend  to  kIiow  that 
an  animal  can  not  remain  in  liealth  fi>r  any  considerable  periixl 
without  having  in  its  food  prot4^<id)t,  fats,  carbohydrates,  and 
salts ;  indeed,  sooner  or  later  deprivation  of  any  one  of  these 
will  result  in  death. 

Estimates  based  on  many  observations  have  been  made  of 
the  proportion  in  which  these  substances  should  entt-r  into  a 
normal  diet.  In  the  nature  of  the  case,  for  a  creature  like 
man  especially,  whose  adaptive  power  is  so  great  that  he  can 
k-arn  to  live  under  a  greater  variety  of  conditions  than  any 
other  animal,  any  figures  on  this  subji<ct  must  be  interpreted 
88  being  but  u  very  geuui'al  stutumuut  uf  the  cusu. 
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Fcront  investigaturs  from  v.-luc)i  o  number  of  conclusiDos 
may  he  dranti : 

The  ttt^tiirvmenls  of  an  Adult  Man  for  lirptili/'fortr  Hours. 


FOOD  IK  UIUUHIS. 

Mini. 

(FUytMr.) 

lllol«Mboll.) 

LAboHoua  •r«rk. 

Olairblr.) 

tV.PeacakiOrr 
ud  V.  VoR.) 

711  i*T 

31U'£U 

130 
401 

70HT 

13? 

117 
■JiZ 

Intjettht  of  an  A'lt'U  working  moderately  ( I'ifrortll). 


c 

H                  S 

0 

04-lB 
l-IU-82 

S0:(3 

IH8 

9S44 

r54 

IttW 

SSl-M 

110-19         n*fist 

20078 

It  Iiiis  further  bwn  t-stimaU^d  tbat  744  Kmmmtis  of  oxygen 
»Tv  tvspirf-d,  j,818  grauinien  water  drunk,  und  32  gruiumes  of 
Butts  consumed. 

The  tota]  ingestA  have  been  f«tiraalpil  at  ^  of  the  body 
weight;  and  the  daily  mi-taholisni  of  the  body  is  cnlrulsti^d  ns 
Usuliiig  t^)  the  tr»  II  !if  or  Illation  of  li  per  fdiit  of  t}i«  watvr.  U  [K-r 
■rent  of  the  fiit,  1  [)or  cent  of  tho  protcidic,  nnd  4  per  cojit  of 
the  suits  of  the  botly. 

77ie  Ege.Hla  of  an  AiiuU  irorlcing  moderatel)/. 


Hj  rivfiirntion... 

m  mhat 

Br  teen 


BiO 


3S0 

000 

1,700 

188 


■Mri. 3,918 


S48-8 

Ji-8 
30-0 


S8I-8 


8-3 

8^) 


0-8 


t  0511.5 

....  I       T-3 
1S-8  Il't 

8-0  I    la* 


18-8      I    l»l-4S 


If  we  Iiiy  riuwn  tli«  rule  as  liiw  bt»ii  done,  that  the  nitrog- 
eoons  should  bc-iir  the  pr<>)iortiii[i  of  I  to  ^|^)  of  noii-ni> 
trogenons,  au  iiispection  of  tho  following  miHlytlntl  t»b1e 
will  !<how  bow  thei;e  vnrious  food-xtuffs  conform  to  such  nn 
wtinuttew 
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For  ihi?  liyrbivortt  from  1  to  S-H  (»omo  daitn  1  to  5()  U  tTl© 
eetitnutml  ratio  of  nitrug^uous  to  uuu-uitrogi.'uuut;  food* : 


mint.    NoD-nltro. 


Vo»l 10 

riarvB  Onh 10 

B««r 10 

UiilUs 10 

Bc«i» f.  10 

Paw 10 

Multoi 10 

Prtik 10 

C'4<r*»  toillt 10 


Nllra.   Sm-Bhro. 


Illimnn  milk  ..,.,....  ID  9* 

WticnU-ri'llDur,, ,  10  40 

Ontiiipul 10  5U 

RjR-mrnl 10  AT 

Iliu-l»v-iii*Nt.. lO  ST 

'  White  pulai  OCT 10  HO 

BIllO   IMltlktOCS 10  lU 

Kice 10  1S8 

UucUnhcut-muL 10  ISO 


One  investiBBtor  i^stiinatod  thai  in  order  to  get  the  ono  Imu- 
dred  and  thirty  Bfrninnips  of  jirolpids  rwiuiri'd  l>y  lui  adult  man 
engaRi'd  at  nindcralp  labor,  the  following  jiro]jortions  of  differ- 
ent kindii  of  fnoda  niiiiit  he  entuii : 


Oi'aininp 

ChotHd. 3S8 

Uiillli. 401 

Vt*». 5H3 

B«*f. en 

Sggt. oo» 


Oraianiet. 

WhrnlKD  bifitd 1.444 

RW s,n*j 

KT,.-l.r™.l M7S 

Polar.iw lOuOOO 


One  conclusion  that  is  most  obrions  from  Ihfi  above  is  that, 
in  order  tn  obtain  the  amount  of  proti-ids  needed  from  certaiu 
kinds  of  food,  enonnoii^  quiintitiLts  mtiat  bu  i-atrn  nnd  digi>8t<-d  ; 
and  u»  thvn--  n'oiiltl  Ix?  in  i<ui'li  casus  un  exci'Hs  of  earboli  yd  rates, 
fats,  «tc,  uniiecfssiiry  work  is  viituik>d  upon  tbw  organism  in 
order  tu  dispu^i'  of  tlii^. 

Fekriso  Expekimexts  (Ingcsia  nnd  Egetita). 

If  nil  thnt  ontei-s  thu  body  in  any  form  be  fcnovn,  and  rII 
that  louvi'S  it  bi-  otjiiiilly  well  known,  t-ondusions  may  be  drawn 
in  regard  to  the  ni'.'1aboIii;m  the  food  has  undergone.  The  pos- 
sible eourt'ea  of  falkry  will  appear  a»  we  proceed. 

The  ingesta,  in  the  widest  sense,  include  the  respired  nir  uh 
well  as  thi- food;  Ibotigb  from  the  latter  inu!*t  l>e  xubt railed 
the  waste  (undif^esUHl)  ninttei-s  that  nppctir  in  the  fircos.  The 
ing(v>ta  when  nnalyKed  im-lttde  c-nrbon,  hydrogvn,  oxygen,  ni- 
trogen, itnlphur,  pbu»:phoi-n8,  water,  nnd  mils,  their  sonrce 
being  the  atiinjs])here  iind  the  food-stuffs. 

The  egesla  the  Mime,  and  chietly  in  the  form  of  carbonic  nn* 
hydride,  of  water  frum  the  lungs,  skin,  alimentar>'  eaiml,  and 
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kidneys,  of  salts  And  wtit«r  from  ttje  .skin  And  ki'Inoys,  and  or 
nilrugon,  cliioily  lut  iir««  nluiost  wholly  from  ilio  kidneya.  Usii* 
ttlly  in  expi'rimciitnl  doterminul ions  tlio  total  fjuntitity  of  tho 
Dttrogon  of  the  urine  is  pstimatml.  If  free  nitrogen  playit  nny 
part  in  the  metabolic  procpssps  it  is  unknown. 

A  larjfe  niiml>t!r  of  fwdinjf  pxpprimpnls  liavo  bwn  innde  by 
differviit  invattlKators,  chit'Hy,  thnii|L;h  not  cxrlusivoly.  on  the 
lower  animals.  Some  such  methoil  as  tho  followin);  has  usu- 
ally IwK'ii  [nirsuod :  1.  Tho  f<»o«l  ust'd  is  cartfriilly  wi-if^liod  and  a 
sutnplv  of  it  luudyzf^^l,  so  that  nioi-c  pxact  dutu  may  be  obtained, 
a.  Tlio  nmounl  of  oxygvn  usi>d  and  pari»mie  anhydride  exhalfvl, 

well  ns  the  ainounl  of  water  siven  off  in  any  form,  is  esti- 

ted.  3.  TJie  nmount  of  the  nitrogenous  exiTeta  is  calculal'.-d, 
chielly  from  an  analysis  of  the  urine,  though  ntiy  losis  by  hair, 
etc.,  is  alw)  to  be  taken  into  ncrount. 

It  ha»  bcon  guiiurally  assumed  that  the  nitrogen  of  the  ex- 
creta represents  practically  the  wholu  of  that  element  entering 
the  body,    Tliis  lias  been  denied  by  some  investisatora 

Tho  respiratory  products  have  been  estimated  in  various 
ways,  thie  consisis  in  measnrins  the  qnantily  of  oxygen  sup- 
plied to  the  chamber  in  which  the  animal  under  observation  is 
inclosed,  and  ftnaly:ting  from  time  to  time  snuiples  of  tJio  ulr  as 
it  \s  drawn  thniugh  the  chamber;  and  on  thuso  re:<nU:«  th«  total 
estimates  are  bu^k-d. 

It  will  appear  that  even  errors  in  caleulatinR  the  composi- 
tion  of  the  food — and  this  is  verj-  variable  in  different  samples, 
&  g.,  of  llesh  :  or  any  errors  in  the  analysis  of  the  urine,  or  in 
_  more  diflicult  tnjik  of  estimating  the  i-e-spiratnry  prodncte, 
ftay.  when  multiplying  to  get  the  totnl:*.  amount  to  serion^  de- 
partures from  accuracy  in  the  end ;  so  thnt  nil  conclu:«iou8  in 
such  a  complicated  case  mnst  be  dniwn  with  the  grejiti-tfl  cau- 
tion. But  it  can  not  be  doubted  that  such  investigiitionM  have 
provetl  of  much  practical  and  some  scientific  A-alua  The  labor 
lliey  i-iil.iil  is  <'!i"rrii'iiin, 

Proteid  HetaboUnn. — If  we  conceive  of  a  stnictnral  unit  or 
cell  as  made  up  of  a  genuine  protoplasm  constituting  its  mesh- 
Work  and  holdin^r  in  the  interstices  ccrtJiin  substances  that  are 
not  part  of  itself,  strictly  siHiiking.  the  i|Ucstion  Arises,  Are 
these  latter  used  up  in  the  metalxdic  pn)ces8  as  such,  or  do  they 
become  a  part  of  the  true  protoplasm  before  they  undergo  tlio 
changes  referred  to  above  ?  Some  writers  speak  of  "  organ 
albumin  "  and  "  circulating  albumin,"  and  they  believe  that  the 
latt«r,  by  which  is  meant  the  proteid  material  found  every- 


406 


ANIMAL  rUVSIUUtOY. 


whoro  ill  tlio  fliiiils  uf  tlm  body,  as  opposed  to  tbp  former  as 
cotutlitutiuK  or^aiiizftl  tiasneo,  iitiilei'g>K-s  cltaiigcs  of  n  retitj- 
graiip  kind  without  ever  benniiing  oifpiii  nlbniiiiii.  wbiU^  the 
term  tuj:uf  ivHSumitlion  wa»  hihiVhhX  tu  tbu  iiit^titboHsta  uf  pro- 
teulif  ill  the  blood.  Tho  liittor  is  nut  uuw  bL-lkn-i-d  to  ovcur. 
But  wbL*tb«-r  a  portion  of  the  tirL-u  tbiit  ri'prL-setiU,  in  the  iitaiu, 
the  TL'sidU  of  prok'id  metaboliiim  is  not  derived  from  tho 
metabolism  of  tlie  material  in  the  interspocea  of  the  tissues 
(eirculating  proteids  on  which  tlie  eellw  are  supposed  to  act 
and  in  wliieh  they  effect  changes  witliout  making  thei>e  pro- 
toids  a  piirt  of  themaolvea),  is  uncertain. 

Nitro^cnou  Eqailibrimn.— It  is  possible  to  so  feed  itn  animal, 
sny  «  iioy.  that  tin-  UiUi]  nitnigeu  of  the  inge-stii  ami  egeista 
ehitll  be  ecpinl ;  und  tlii»  muy  bu  lieoomplished  without  the  aui* 
mal  Jotting  or  gaining  ueigbt  Kppi'eciiibly  or  ugiiin  while  ho  is 
gaining.  If  there  be  a  gaiu^it  can  usually  bo  traced  to  the 
formation  of  fat,  so  that  the  proteid,  we  may  liuppose.  has 
been  split  np  into  a  part  that  is  constructed  into  fat  and  a 
part  which  i.t  represented  by  the  urea,  the  fat  being  either  tuted 
up  or  stoiwl  in  tlie  body.  Mi)i-e<tvor.  an  analy.-^is  of  a  pig  that 
bad  been  fed  nn  n  ti.vi.Hl  diut,  and  a  oonipnri.ion  made  with  one 
of  the  »amo  Utter  killed  ut  tliv  commencement  of  the  experi- 
ment, showed  that  uf  the  dry  nitrugonoux  foo<l  only  about 
seven  per  cent  in  this  animal  and  four  per  cent  in  the  sheep 
hail  i»een  laid  away  as  dry  pi-oteid.  It  is  perfectly  plain,  then, 
that  proteid  diet  does  not  involve  only  jjroteid  construction 
within  (hft  body. 

ComparatiTB.  — The  amount  of  flesh  which  a  dog,  being  n  car- 
nivorous animal,  can  iligei«t  and  Mna  fur  the  mitintfrnanco  of  his 
metabolic  procettses  i»  eni'rmous:  though  it  has  been  le&mcd 
that  ill-nourished  dug!*  can  not  even  at  the  outset  of  a  feeding 
exjieriraont  of  this  kind  maintain  the  equilibrium  of  iht-ir  hmly 
weight  on  a  purely  Hesh  diet  (fat  being  excluded).  They  at 
once  commence  to  lose  weight — i.  e,,  they  draw  upon  their  own 
limiled  store  of  fat. 

The  digestion  of  herbivora  being  essentially  a<h(]di-«I  to  a 
vegetable  diet,  they  <»n  not  live  ut  all  u]K>n  flesh,  while  a  dug 
can  consume  for  u  time  without  maiiifet«l  hiirni  |>(  tu  ^g  of  its 
body-weight  of  this  food. 

Man,  when  fed  exclusively  on  meat  suou  shows  failure,  ho 
being  unable  to  digest  enough  to  supply  the  needed  carbohy- 
dratiw,  elc.  But  the  large  amount  of  urea  in  the  urine  of  car- 
nivorous auimulsgtinerally,  and  the  excess  found  iu  tho  uriuo 
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of  man  when  feedmg  lurgely  on  a  fleali  diet,  show  that  the  pro- 
Ivid  nx-talmliditi  is  uiuier  sticli  cirruiiistaiicoa  very  active. 

It  is  ali<o  a  Wfill-knonni  obKfrvation  that  rnriiivoroiiR  arii- 
mnU  (ilogs)  an)  more  at^tive  and  display  to  a  jt^wnter  extent 
tlifirlnu-tit  ffi-ofity.  oviilfiiec  <if  tlii>ir  drs(.>Mit  I'miu  wild  cht- 
nivuroiis  progenitors,  wliuii  liki'  tlK-iii  tln*y  fet-d  very  largely  un 
fli«li,  Tlio  wvidfiic-e  lii-ciiis  to  point  pretty  cloarly  to  the  uoii- 
cluiiioQ  that  a  uitruKL'Uous  (flu^ti)  diet  iiicn^a»<!»  llie  activity  uf 
the  vital  protiussuii  uf  Iho  body,  uud  (jspwially  llio  protoid  mo- 
taltolism. 

Some  hsve  exjdaineJ  thi3  i-esult  on  the  aaKumption  that 
Bueh  dii't  Iwl  loan  increaae  in  the  red  corpiiscles  uf  tlie  blood, 
and  heiiee  in  the  oxygeii-hii]i]ity ;  but  mere  nimiidivnce  of  sii[)- 
ply  will  never  of  itself  explain  i'eHiilt.-i  in  a  living  or^aiiiitm.  It 
may  bu  and  probably  is  true  that  sneh  a  diet  augments  tho 
activity  of  the  oxidative  proeesseH,  but  the  rensiiil  of  this  lies 
d<.i'|H-r.  wo  think,  than  the  explunations  us  yet  offei'LHl  assume. 
That  an  excess  of  pmteids  may  be  stored,  as  it  a-ems,  is  true  of 
flits  and  carbohydrates,  to  Ije  usetl  in  the  hoar  of  need,  seems 
not  improbable,  thmi^h  this  has  not  as  yi-t  been  shown  to  be 
the  nkse.  But  in  all  thes<.*  consiileriitions  it  must  Ik.-  borne  in 
mind  that  lhi.<>  nietalK>lic  processes!  go  on  in  the  tissues  anil  not 
iti  thu  bloud,  and  probttbly  not  in  the  lymph.  Not  llinl  thvtn) 
fluids  (tisiiui-s)  are  without  their  own  metabolic  jirooesses  for 
and  bythemselws;  but  what  is  meant  tube  conveyed  is  that 
the  metabolic  processes  of  the  body  generally  do  nut  take  plaoe 
in  the  blood. 

The  EffectB  of  OeUtine  in  the  Diet,— Actual  experiment  shows 
that  thiif  sub^stanct;  can  not  take  the  place  of  proteid.  though  it 
aUo  makes  it  evident  that  lesK  of  the  latter  Jiutlkes  when  mixed 
witbncerluin  proiK>rtionof  gi-hitine;  and  it  has  been  suggested 
that  it  is  split  up  into  a  fatty  portion  and  urea,  and  that  it  thus, 
by  aiding  in  the  formation  of  fat,  preserves  some  of  tho  proteid 
for  other  uses  than  fat  construction.  This  theory,  however,  is 
not  well  sul>stantiated.  It  will  be  borne  in  mind  that  ordinary 
flesh  contains,  as  we  lind  it  naturally  in  the  careas.<(,  not  only 
Bome  fat,  but  n  goixl  deal  of  fibrous  tissue,  which  can  be  eon- 
Vurlf"!  by  ht^ating  into  gelatine. 

Tfttt  and  Carbohydrates.— It  is  a  matter  of  common  observa- 
tion and  of  more  exact  ex[torimenl  that  even  a  carnivorous  ani- 
mal thrives  better  on  a  diet  of  fat  and  lean  meat  than  on  lejtn 
flesh  alone.  Thus,  it  hiis  been  found  that  nitrogenous  etjui- 
libriuin  was  as  reiulily  established  by  a  due  mixture  of  fat  i 
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It'iin  as  upon  twicn  tho  qmoitity  nT  lonn  flwh  iilom-.  It  is  jilain, 
lliL'ii,  tliitt  t}io  riR-(nl)uliNni  in  ni-tuitlly  sluwuil  hy  a  fatly  diet. 
■Wbfii  «u  niiimal  is  givim  but  little  fat,  iinue  whatever  is  laid 
lip,  but  all  tile  carbon  of  the  fat  can  tw  accouitteil  for  in  ihc 
excretji.  <'btefiy  aa  pnrbiinic  aiihydriile.  Again,  the  fatly  por- 
tion remaining  constant,  it  has  been  found  that  increasing  the 
jiroteid  leads  not  to  a  storage  of  the  carbnii  of  the  pi-oteid  ex- 
cess, but  to  an  increawd  consumption  of  this  element.  It  18 
then  iKwsiblc  to  nnderstiind  bow  esivssive  consumption  of  pro- 
tcifis  may  b.-iid,  as  sfpms  to  be  the  case,  to  tiie  iliRappi-arnnce  of 
fat  and  lo«s  of  weight,  so  that  a  )>rr)teid  diot  inoronses  not  only 
iiitnijitonoun  but  non-nitrogeuons  mi'tjiboli.-'m.  That  cnrboby- 
Uiates  mtxt'd  with  a  yUtv  proportion  of  the  other  coni:tituentB 
of  a  diet  do  increase  fat  fornnition  is  well  Oitiiblished ;  though 
there  is  no  eqnally  woH-groundcd  oxplanutiun  of  how  this  is 
ftccomplished.  Upon  the  whole.  It  seeiiis  most  likely  that  fat 
can  be  directly  formed  from  carbohydrates,  or.  at  all  events, 
that  they  ilirectly  give  rine  to  fat  if  they  ore  not  coitvortwl 
themselves  into  that  substance. 

Comparative. — It  is  r<iinKl  tlmf  there  nre  relations  between 
the  f'-'uii  LitH'd  rtud  the  ijunutity  of  carbonic  dioxide  exiielled 
which  arc  instructive,  Theformnia  following  show  the  amount 
of  oxyyi-n  neoiTijirn'y  to  convert  a  starch  and  a  fat  into  carbonic 
anhydridu  and  water: 

1.     C.H,.0»  +  0„  =  0(CO,)  +  5{H/)). 

It  will  Ik-  observed  that  in  the  first  case  the  oxygen  used  to 
oxidizi- the  slarcli  Imt^  all  reappeared  as  C<>t,  while  in  the  sec- 
ond only  114  parts  out  of  l(iO  sii  reappear.  As  a  matter  of  fact, 
more  (if  the  oxygen  uswl  does  in  herbivora  ivajijiear  as  C<\, 
and  lens  as  water,  while  the  reverse  hohU  frjr  the  carnivoro,  the 
proportion  being,  it  is  estimaleil,  as  from  flO  to  CO  per  cent. 
This  is  to  t)e  explained  by  the  character  of  the  food  in  each 
JDAtance,  for  this  n-iation  no  Imiger  holds  during  fasting,  when 
the  herbivorous  ariimni  become-s  carnivorous  iu  the  sense  that 
it  consumes  its  own  tissues. 

To  most  pei-sons  the  cjirboh  yd  rates  are  more  digestible  than 
fals,  though  thoy  have  less  potential  energy,  aa  will  shortly 
be  fliH-n. 

The  Effect*  of  Salt*.  Water,  etc..  in  the  Diet— We  have  already 
considered  how  salts  in  the  form  of  condiuienls  may  benKficialty 
influence  the  digestion ;  but,  when  we  come  to  inqniii-  n«  to  iho 
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pari  tlipy  jilny  wht-n  iiitruduced  into  the  bl(x>d,  we  soon  find 
tliul  <mr  kDiiwIeiiye  is  vitj-  limited. 

Slilphur,  ant]  esiK-cially  phosphoriu),  seem  1o  have  sotne  im- 
poHaiit  Mifo  which  ([iiite  elii()c»  dptectifin.  It  is  ini|K>rtaiit  to 
mnomlMT  tlmt  i-ei-tain  salts  are  cmiihiiicil  witli  prntt^ifls  ill  lh«* 
Ixxly,  p()»;^ibly  I')  a  grt-Viter  extent  lliitii  wc  (■»»  l«arn  from  tho 
intnv  iiiiiilysis  uf  duul  tisxuos. 

Pathologieal. — The  withdmwal  of  any  of  tlie  important  finlts 
of  the  Iiody  S(x>n  lends  to  disease,  i-Ieiir  evidence  in  itself  of  llieir 
(treat  iniimrtaiK'e.  This  is  notably  the  case  in  scurvy,  in  which 
dittCAite  tho  hlo'xi  seems  to  he  so  thsonlered  and  the  nutrition 
of  the  vt-iwel- walls  so  alti-r*-'!  that  the  former  (even  some  of  tho 
blood -rcl Is)  pnsiiea  thrtiuKh  the  latter. 

Wftt«r. — The  use  of  waiter  certainly  has  a  great  influence 
over  Ih"?  metabolic  processes  of  the  Iwdy.  Tho  lempuraiy  ad- 
dition or  wilhdniwnl  of  even  a  few  oiincift  uf  water  fn»m  llie 
regular  supply  of  a  dof?  in  the  course  of  a  feedinR  experiment 
greatly  modifies  the  i-esults  obtained  for  tho  lime.  It  is  well 
known  that  incivase  of  water  in  the  diet  leads  to  a  eoiTespond- 
iiig  inerease  in  the  amnuiit  nf  ui-ea  exci-eted.  It  is  likely  that 
oven  yet  wo  fail  to  appreciate  the  gi-eiit  part  which  water  plays 
in  the  animal  economy. 


The  Exergv  of  thk  Aximai.  Body. 

As  already  fx]diiine[1,  we  di»tin);ni.-<h  betwei-n  |H>lential  or 
latent  and  aclunl  energy.  All  the  energy  of  the  body  is  to  be 
tnicetl  to  the  influence  of  the  tissues  upon  the  food.  Energy 
may  Iw  estimated  as  niechnnical  work  or  as  heat,  and  the 
one  may  he  converted  into  the  other.  All  the  processes  of 
tli«  organism  involve  chemical  changes,  and  a  hirge  projKip. 
tiou  of  theso  an- of  the  nature  of  oxidations;  .so  that,  speak- 
ing broadly,  tho  oxidations  of  the  animal  body  are  the  «onrcos 
of  its  energy;  and  in  estimating  tlie  <|natitity  of  energy,  cither 
as  hout  or  work,  that  a  given  fuud-stuff  will  pro'lnce,  unu  must 
consider  whether  the  oxidative  processes  are  complete  or  par- 
tial ■  thus,  in  the  caee  of  jiroteid  food,  if  we  supjiuse  that  the 
urea  excreted  represents  the  form  in  which  the  oxidative  pro- 
cesM4  end  or  ai-e  arrested,  we  must,  in  c«timnting  the  actual 
energy  of  the  proteid,  subtract  tho  amount  of  energy  that 
wouhl  Ih)  i>n>duced  were  tlie  urea  itself  couiph'tely  oxidized 
(bnrne<l). 

If  thu  amotinl  of  heat  that  a  butly  will  jn-oihice  iu  its  com^ 
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^1         liustion  he  known,  then  by  tlio  law  af  thevfinvrrsinn  nait  nqm^^^^^l 
^1          nlviico  or  piitTgy  till-  uicchiuiical  oquivnleiit  citn  ))0  c«tniiat<-<l  in         ^H 
^1          that  particular  ciik*.                                                                               ^H 
^H                Thu  ht'at -producing  power  of  (liiTc^(^nt  tiubstancps  can  hv         ^H 
^H          directly  Ii-amwl  l)y  ascL-rlaining  the  i-xteut  to  which,  whi-n  fully         ^| 
^H           hunied  (to  water  and  t-arhonic  anhydride),  they  elevate  the          ^| 
^H          teuii>eratni'e  of  a  given  volume  of  water;  and  this  can  at  onc-e          ^| 
^H           he  traniilnted  into  its  mechanical  eqnivalent  of  work,  em  that         ^H 
^H           we  may  nny  that  ono  gnimiike  of  dry  proteid  wonid  give  rise  to          ^H 
^H          ft  ciTtatn  number  of  gninimiMlcgn'e^  of  heat  or  kilngramme-         ^H 
^H          metres  of  work.     A  few  figures  will  now  show  the  relntivo        ^H 
^1          valuee  of  certain  food-stuPTs :                                                                       ^H 

OTam.-drg. 

KUoMrt.          ^^^1 

8.1M 

^1 

4jm 

u-ao            ^1 

^B              The  reason  of  thi-  snhlraction  hiis  hwn  explained  ahove.                ^H 
^H              Taking  another  diet  in  regard  to  which  the  esliinntt-s  differ         ^| 
^1         gomewhat  from  Ihivte  giwn  pr^-vion-sly.  but  convenient  now  as         ^| 
^H          showing  how  Clonal  weightj«  of  subalanee^  produce  very  dif-         ^| 
^H          fereut  amounts  of  energy,  we  lind  that —                                              ^| 

Gmtn.-ilic- 

KlleoM.                 ^H 

4:iit,NriO 

1HM1.0IXI 
038.880 

lK.-i.llO<>                 ^1 

UKT.usn            ^H 

S.l!«l.At)0 

vati.Tao           ^1 

^H              In  other  wonis,  nmrly  a  million  kilogranimc-metres  of  en-         ^H 
^H         ergy  lire  Hvailnhle  fi-oni  the  u1)ovu  diot  for  one  day,  provided         ^H 
^H         it  be  all  oxidized  in  the  body.                                                                ^H 
^H              Food-stuffs,  then,  witli  the  oxygen  of  the  air.  arc  the  body's         ^H 
^H          aoureos  of  unergy.     \\niut  are  the  fontis  in  which  its  expt-ndi-         ^H 
^H          tu re  appears  I'    Wi>  may  amiw^r  at  onoe,  hent  and  mechanical          ^H 
^H         work;  for  it  i»  asstiim-d  that  internal  niovomvnt!!,  as  those  of         ^H 
^H          the  vi»(;era,  ami  all  the  friction  of  the  body,  all  its  molecnlar'        ^H 
^H          motion,  all  secretive  processes,  are  to  lie  regai'dnl   an  finally         ^H 
^H          augment  iug  tlie  lient  of  the  body.     Heat  la  lost  by  the  skin,         ^| 
^H          lungf,  urine,  and  fiecos^                                                                          ^^^^t 
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Till*  nnioiiiil  r»f  work  whicli  n  mnil  or  otlipr  niiiiiitd  cun  do 
on  n  given  ilk-t  iimy  !«■  I'stimiitiHl  witliout  tlu'  aiiniV'  suiircus  of 
follnoy  OK  nttvnd  tliu  atlciiliitiuu  of  thu  htiit  I'xpfnditure;  for, 
wtiuii  an  itiihiiiit  m  confiiiuil  in  n  i*jtl<imolrit!  i;bHmbor,  the  con* 
(litions  of  thu  norma]  mutnbolism  iiru  not  observud. 


Tub  Soi*Ri'E«  of  Mcsculab  En'brov. 

BiperimentaL— Two  jiItysii-lngiMts  (Firk  ami  Wislioeniis)  as- 
ceiid'-'J  u  uiiiuntuiii.  iioliiig  tliu  voiitlitiuus  under  which  their 
metabollsra  was  performed,  and  drew  certain  conclnsionti  in  re* 
garti  to  the  r|ui«tion  now  Imng  considered.  Thny  lived  pxchi- 
sively  on  a  non-iiilroKenona  dift  while  the  work  was  being  dont', 
and  estimated  the  amount  of  urea  exert^tod  at  the  name  time. 
Assuming  that  the  urea  does  ivpre^ent  the  proteid  niflabolisin 
(oxidation)  which  bore,  of  ronrw,  a  definite  w-Iwtion  to  tin.- 
energy  availubli>,  it  wns  found  that  in  the  ciis'O  of  crtch  of  tliom 
this  vas  only  alxjut  half  cciough  to  account  for  thc'  work  done. 
Even  making  Uirgo  allownncos  for  error  in  the  i^timnti's,  if 
this  ez[M.-rinHM)t  i:<  to  be  trusted  at  nil.  it  ii«  jilain  that  the 
energy  of  the  muHcKts  of  tin-  body  is  not  durivublu  from  their 
prut«id  metabolism ;  and  thoro  art*  othar  facts  which  point  in 
the  same  divM-tion. 

It  is  found,  when  an  ieolateit  muscle  is  studied,  that  its 
continueil  contraction  does  not  produce  nitrogenous  bodies,  but 
very  dilTei'ent  ones,  such  as  carbonic  anhydride.  The  quantity 
of  the  latter  may  be  augmented  many  times  by  work.  But  it 
is  no  longer  l)olii've<i  that  the  severest  labor  appreciably  in- 
creases the  ^cretton  of  ureii. 

The  division  of  fooiU  into  hoat-pTOducors  and  iissmvbuilders 
is  unj list i liable,  as  will  ajipi-iir  fnmi  what  has  jiiNt  been  stutvd, 
Mwell  as  from  such  fact^  ns  thi^'  pn-iductionuf  f'ut  from  proteid 
food,  thus  showing  that  the  latter  is  indirectly  a  producer  of 
carlionic  anhydride,  assuming  that  fat  Is  oxidiKcd  into  tbnt 
substance. 

Animal  Hbat. 

Though  a  largo  part  of  the  boat  generated  within  the  body 
is  traceable  to  oxidations  taking  place  in  the  tissues,  it  is  bettor 
to  speak  of  the  heat  as  being  the  outcome  of  all  the  chemical 
procceMo  of  the  organism;  and  though  heat  may  be  rendereil 
latent  in  certain  organs  for  a  time,  in  the  end  it  must  reappear. 
'While  at)  thu  tissues  ai-e  heat-producers  (thermogenic),  the  ex- 
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tuiit  to  wliicli  they  are  such  would  depeud,  wo  should  suppose, 
uiKiD  IhwdeiititH^  lo  which  they  M'or<?  ihe  seat  of  metaliulic  pro- 
cesstiB;  oiu) actual  Iti^l^o^tablisflilhiK  fttvt  Thiis,  aiiuiii^  glnmU 
the  livur  i«  Iho  f^n>»t«:^t  ht-at-producor ;  hence  the  blood  frwm 
this  nrjcan  is  thi^  warmcs't  uT  the  wholn  body.  The  mustU-s  alwi 
are  especially  the  thiTriiOf^'iiic  ib^tic. 

The  teupernturu  of  the  blood  in  tho  hepatic  veia  \s  wanner 
than  that  iu  the  portal,  a  clear  cvidenc(!<  that  tho  mvlabnlism  of 
this  ofRan  has  elvvatod  tho  ttniiK;raluro  of  tho  blood  flowing 
tlirouyh  itu 

The  temperature  of  the  blood  (its  own  metabolism  hving 
slifcht)  is  a  pretty  fair  iudicatinu  of  the  resultant  effect  of  the 
pioductioii  and  the  Iciss  of  heat. 

For  obvious  reasons,  the  temperature  of  different  parta  of 
the  body  of  man  and  other  animals  varies. 

The  !<tati'iiieiits  of  observers  in  regard  to  the  temperature  of 
varioun  aiiininU  and  of  different  parts  of  ths  Ijody  disagi-ee  in  a 
way  that  would  be  puzzling,  were  it  not'  known  how  difficult  it 
is  to  procure  perfectly  accurate  thermometers,  not  to  mention 
individual  diffr-roiices.  The  axillary  ti^nipfnitiiro  ii*  about 
ST'i"  C. ;  that  of  the  nioulh  a  lillle  )iiKli<'r,audof  thi.-  ri.-ctuni  or 
vagiua  slightly  muro  olovatod.  The  mean  tempfraturcof  tho 
blood  is  plaec»d  at  »!>"  C. 

It  is  a  very  »itriking  fact,  however,  that  tho  different  parts 
of  tho  body  ordiuarily  iiccfssiblu  by  a  lhermoniC'ti-*r  viiry  sa 
little — not  mure  perhajts  ibaii  a  degree  or  a  degree  and  a  half. 
The  temperature  of  the  hepatic  vein  has  buen  put  down  as  307% 
and  it  conlaina  the  wamtfst  blood  of  the  body. 

Comparative. — The  temperature  of  various  groups  of  animals 
has  been  stated  to  be  as  follows:  Gull,  37'8°;  swallow,  44*03"; 
dolphin, 3.'i"A'';  mouse,  41'!'';  snakes,  lil^toli",  but  high*»r  in  large 
9pecimf>na  (python).  Cold-blooded  animals  have  a  tentpt'ratiiru 
a  littlf  higiier  (less  than  J"  C-  usually)  than  the  surrounding  air. 
During  the  swanning  of  bees  tho  hive  temperature  may  riso 
frum  Si"  t(i  10*.  All  rnli|-l)!oo(b-d  nnimals  have  probably  a 
higher  tomperatiirf  in  the  breed ing-s^'aKon.  In  our  domestic 
mammaU  the  normal  tenipcraturo  is  nut  widely  different  from 
that  of  man. 

I'arialioits  in  ihf  avfruiji-  U-mpcrafurp  are  dependent  on 
niuneruus  causes  which  may  affoct  tnther  the  heat  pro<luc- 
tioQ  or  heat  loss :  1.  Ctiangi*  of  climate  has  a  vei-y  slight  but 
real  inUuence,  the  tonipcrutnre  boin^  plevatwl  a  fraction  of 
a  degree  when   an   individual   travels  from  the  i»Aw  toward 
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le  e*iuator,  ami  tlw  siuiif  may  W  said  of  Hit!  effort  of  Hip 
teiniMTatiire  uf  a  witrm  )iiimiu(.-r  ility  nn  coiupui'ud  witli  ii  l*o1(1 
winter  odl'.  Tho  wunclcr  is  that,  ruiisidt-riiig  tbo  uxtLToal 
temperature,  tho  variation  is  ea  Uglit.  2.  Sturvation  lowers 
the  temperature,  and  the  ingestion  of  food  rait^eH  it  slightly, 
the  latter  inrreasing,  the  former  decreasiuf;,  tho  r«te  of  tlio 
metJiboiic  processes.  3,  Age  has  its  iiifluoiiuc.  tliu  very  young 
and  the  very  old,  in  whom  metabolism  (oxidation)  i^  fceLUv 
h;iviii){  ft  lower  ti-nipiTitture.  Tiiis  vspwiiilly  upplius  to  tb© 
UL-n'ly-born,  both  umoiig  mnukiud  aud  the  lowi-r  mummjUs; 
and,  us  might  be  euppoitud,  tho  temperature  fulU  during 
sleep,  vrheu  all  the  vital  autivitivd  are  diminished.  The  same 
remark  applies  with  greator  forco  to  tho  hilieinating  slate 
of  animals.  4.  Very  interesting  are  the  Auctnations  uf  tcm- 
pemture    occurring  daily,  as  shown   by   the  cun'es  of   Fig, 
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340.  It  will  be  noticed  that  the  period  of  preateat  bodily 
warmth  is  IwtwcMm  about  four  and  seven  o'clock  in  the  after* 
nwm  and  tho  minimum  temperature  between  two  and  &ve  is 
the  morning. 

It  will  be  inferred,  from  the  facts  and  figuros  already  cited, 
that  different  kinds  of  food  have  considerably  difft-rrnt  capacity 
for  heat  pro<iii(tioii,  Tbi;-  following  c»tiiiiute»  will  still  further 
tend  to  illustrate  this: 

Aninml  diet  prorluces 2.?7fl,53+ heat-units 

Foo<l  fn-e  from  nitrogoii 2.089,500     "        " 

Mixed  dicU a.200.200     "        " 

Absence  of  food,  the  bi'at  amounti)  to..  3,01£,8tC     "       ** 
It  la  well  kuowu    that  a  man  when  working  not  only 
fools   wnrmt-r.  but   actually   prodiicoH  more   heat.      The    fol- 
lowing  tiguies  will   give   (approximately)   some   defmite   in- 
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foniiation  on  thU  Bubjwt,  tlie  numbers  tlenoting  the  heat- 
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It  apponrs  from  a  multitude  of  ronRidei-ationB  that  the  body 
is  liko  II  f  t«im-oiigine.  producing  hi*at  ami  (JoiiiK  work ;  hut  it 
is  found  that  whik-  iv  voi-y  goml  KU'fim'Wigint^>,  us*  »  i-osiill  of  tho 
chemical  proci>»i:sL<s  K^iiig  on  vritliia  it,  I'ouvcrtK  }  of  tlio  pc>ti>n- 
tial  piiprpy  uf  its  su|iplio»  into  mochanical  work.  th«  *iihor  1 
a|>|M>ariug  as  hoitt,  thi-  body  produces  )  as  work  tiiid  (  n»  hent, 
from  its  income  of  foud  and  uxygi>u, 

While  it  IB  perfectly  dyur  that  it  is  in  tlie  rat'tabolic  pro- 
cesftps  of  the  IitKly  that  we  must  seek  for  the  final  cause  of  the 
bent  produced,  it  is  incumbent  on  the  physiologist  to  explain 
thv  rumarkable  fact  that  the  mammalian  body  inA>utniiif> 
under  a  changing  external  tpmi>eratiir(*  and  other  climatic 
conditionf*.  and  with  a  varying  iliet.  dtiring  rest  and  labor,  n 
temperature  varying  within,  usually,  no  hkh-o  than  a  fraction 
of  n  degree  centigrade.  This  we  Khali  now  undmvor  to  explain 
in  ]iar1. 

The  Reguhitioo  of  Temperature.— It  is  manifest  from  the  facta 
a<l(luc<^<d  that  ho  long  a;*  life  lasts  heat  is  being  of  necessity  con- 
Elautly  prodiiceil.  If  there  weii'  no  provision  for  getting  rid  of 
a  portion  of  this  bi-nt,  it  is  plain  that  tlie  body  would  soon  be 
con8ume<l  as  elToctnally  as  if  it  were  p1ai-ed  in  a  furnace.  We 
observe,  however,  that  heat  is  1)eing  constantly  lost  by  tlie 
breath,  by  perspiration  (insensible),  by  conduction  and  radia- 
tion from  the  surface  of  the  btxly,  and  jieriodically  by  the 
urine  and  fteces.  We  have  seen  that,  while  licut  is  being  pro- 
duced in  all  the  tissues  anil  organs  of  the  body,  somv  aro  es- 
ppcially  ttjermogenic,  as  the  glands  and  muscles.  Tliu  skin 
presents  an  extensive  surface,  alinndanlly  supplied  with  blood- 
vessels, which  when  dilati'd  may  receive  a  largo  quantity  of 
blood,  aird  when  contracted  may  iieci-ssitate  a  much  larger  in- 
ternal itupply,  in  the  splanchnic  region  fS|xH-iulIy.  It  is  n  mat- 
ter of  common  obsiTvation  that,  when  an  individual  exerciaei, 
the  skin  becomes  llushi-d.  and  su  with  the  increased  pi-otliiction 
of  heat,  especially  in  the  musck*8  (see  page  195),  there  is  a  pro- 
vision for  unusual  escape  of  the  surplus;  at  the  same  time 
sweat  breaks  out  visibly,  or  if  not,  the  iusuusible  perspiration 
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ts  (Tf'iiomlly  increa-atHl ;  find  this  ftccoimt*  for  nii  utiditional  in- 
crcnkimt  of  1i)$3 :  while  the  luiigs  do  oxtrit  work  uiid  exluile  as 
iocrcnrnxl  qimiility  of  atjuuous  vu]>ur,  so  that  ia  thuisL-  various 
ways  the  hody  is  cook-d,  Manift'^tly  thori^  is  sunm  sort  of  co- 
onliuntiou  t)utwL-t)u  tLi>  procu&SL'tt  of  ht>ut  production  and  heat 
expeudituiv.  Tiiu  viiso-moUtr,  SL«crc>tory,  aud  respiratory  func- 
tions are  mo<lifitid.  Evon  if  an  individual  do  no  work  at  al],a% 
when  in  a  Turkish  biitli,  it  bticoines  evident,  to  one  ouhmittiiif; 
to  the  experiment  (for  such  it  is  or  may  bej^ome),  that  tho 
pulse  and  respirations  are  quickened  and  that  there  is  copious 
secretion  of  sweat  following  on  reddening  of  tho  skin,  owing 
to  vascular  dilatation.  Kxaot  quantitative  eslimntion  of  th(< 
heat  produced,  as  seen  above,  and  of  tho  oxygon  ust-d.  the  car- 
bonic anhydride  and  watery  vapor  vxholed,  t<hon-8  that  the 
organs  of  which  we  are  speaking  are  not  uuly  apparently  hut 
actually  doing  more  work.  It  is  usual  to  quote  the  case  of 
Drs.  Fordyco  and  BlagdKu,  who  learned  to  endure  without 
injury  a  heat  of  127°  C.  (SCO"  F.),  to  illustrate  the  great  adap- 
tability of  our  on-n  organism  in  this  respect.  We  raay  suppose 
that  the  various  co-oi-di nations  effected,  chiefly  at  alt  events 
through  the  central  nervous  system,  and  not  by  the  direct  ac- 
tion of  the  heat  upon  local  nervous  merhantsnis,  or  the  tissues 
themsa^'lves  directly,  are  retiexest. 

27m-  production  (>f  htal,  however,  seems  to  he  fqually  under 
tbu  iuQuencc  of  tho  neri'ous  system,  though  we  know  loss  about 
the  dutwU  of  the  matter. 

A  oold-hluudt-d  animal  diifers  from  a  warm-blooded  one  in 
that  its  temperature  varies  with  the  surrounding  medium  more ; 
hence  the  terras  pnikilothermer  and  ho-moiotfiermer  for  cold- 
blooded and  warm-blon<lprl,  would  be  appropriate. 

Such  an  aninml,  as  a  frog  or  turtle,  may  have  its  chemical 
processes  slowed  or  quickL-iied.  almost  like  those  going  on  in  u 
tcst-tubo  or  cruciblo,hy  altering  the  tt<miR'raturt^  Very  ditTeront 
ia  it,  as  wo  have  seen,  in  the  normal  state  of  the  animal  with 
any  mammal.  Hence  hibernation  or  an  allied  slati.'  haa  becomi- 
a  neoesBary  protection  for  poikilothermers,  otherwise  they 
would  perish  outright,  and  the  groujis  become  extinct  in  north- 
ern latitudes.  Now,  whon  a  mammal  i:<  poisom-d  with  curare, 
it  becomes  like  a  poikilothormor.  Like  the  latter,  under  in- 
crenso  of  temperaturi'.  it  too  usoa  more  oxygen  and  produces 
mon>  c«rlK)nic  anhydride.  When  certain  parts  of  tlio  brain 
are  divided  or  punctured,  a  fall,  similar  to  that  obsorvahle 
when  curare  is  given,  is  ubiiervabU', 
so 
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It  U  ]i1itiii  that  vAoo-mntor  cliati)^  alono  c»n  not  explain 
thc««)  I'ffwt!*;  nml.  llioiigl)  poitsitily  a  jmrt  of  the  rise  of  t*-ni- 
pomtiire,  following  oxposurc  of  the  nalce<l  body  in  a  cool  air, 
may  bu  ac(.-ount«d  for  by  tlio  increosoil  mctubolism  of  iiitvrnal 
orgaiiB,  ac'L-ompaiiying  tin'  influx  of  blood  c»u»t-ct  by  conBtrio- 
tion  of  the  cutani^ous  capiUariet),  it  is  probtible  that  in  this  as 
ill  so  many  other  instancfts  the  blood  and  circulation  have  been 
credited  with  too  muoh,  and  the  direct  influence  of  the  nervous 
system  on  nutrition  and  heat  production  overlooked  or  uuder- 
ostitiiated.  The  thermogenic  (;enter  lias  not  yet  been  definitely 
locat'LiI,  though  some  recent  investigations  seem  to  favor  a  spot 
ia  or  nuur  the  ('orpn.i  striatum  for  certain  mammals.  Borne  in- 
Tostigulont  iil»(>  I'l^^rogiiize  n  cortical  lii>at-ct3nt«r.  It  ha«  btmi 
su^^-Hted  that  wn  may  to  udvniitago  Kpoak  of  a  Ott-rmoioxie 
(regulative  uf  Iosh)  and  a  th^rriiogmic  mechaiiisia  (rogulativo 
of  production)f  and  even  a  ihemwlytic  or  discharging  mecbaa- 
ism.  It  has  been  further  suggcdted  that  diffunrnt  nerve-fibers 
may  be  concerned  iu  the  actual  work  of  conveying  the  different 
impulsai  of  these  respective  mechanisms  to  the  tissues ;  and  the 
whole  theory  has  been  framed  in  accordance  with  the  prevalent 
conception  of  metabolism  as  consisting  of  annholisQi  and  ca- 
taboliiTim,  or  constructive  and  dt^structive  procoseos.  But  thoM 
theorif.'*  have  not  yet  bei'n  coiiflrnied  by  cxiMrimentson  ani- 
mals, though  tbey  ar«,  in  the  opinion  of  thi'ir  authors,  iu  har- 
mony with  Ili«  facts  of  fever.  Certainly,  any  theory  that  wit) 
imply  that  vital  pructtcscs  are  more  under  the  control  of  tho 
ncr^'ous  system  than  bus  hitherto  been  taught,  will,  wu  think, 
advance  physiology,  us  will  shortly  apiiear  from  our  own  dis- 
cussion of  the  influeucK  of  the  nen.'ou8  system  on  the  various 
metabolic  processes  generally. 

The  pbenumena  observable  in  an  animal  gradually  freezing 
to  death  point  strongly  to  the  direct  influence  of  the  ner\'nu8 
system  on  the  production  as  well  as  the  regulation  of  beat 
Tho  circulation  mnst  of  c-ourso  be  largely  conoemed,  but  it  ajn 
poors  ».-«  though  the  nervous  system  refused  tonctwheu  tho 
temperature  falls  below  a  certain  i*oiat.  A  low  temperature 
favors  hilM^rnatton,  in  which  we  believe  the  nervous  system 
plays  the  chief  part,  though  the  temperature  in  itself  is  not  the 
determining  cause,  as  we  have  ourselves  proveil.  The  fact  that 
the  whole  metalxdism  of  a  hibernating  animal  is  lowered,  that 
with  this  there  is  loss  of  consciousness  much  more  profonnd 
that  in  or<iinary  sleep,  of  itself  seems  t(>  indicate  that  tlio  nerr- 
ous  system  is  at  the  bottom  of  tho  whole  matter. 
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Fatholo^caL  —  It  is  fouml  that  many  drURH  anil  jmiiions 
lowvr  u-iiiXK'mlure.  acting  in  a  variety  of  waya.  In  certain  ili»< 
eoHOs,  lis  cholvru,  the  temperature  niay  gink  to  23°  C.  in  extremo 
caHc'S  bofoTV  duith  supervenes.  When  the  tamperaturv  of  tho 
Ifluod  ti;  raiwHl  »V*  C.  (us  in  sunstroke,  (>tc),d('Atli  occurs;  and  it 
is  well  known  tlmt  proIongt-J  high  ti'm]Kinitun<  loads  to  fwtty 
degeneration  of  the  tissues  geuemlly.  All  the  evidence  goes  to 
allow  that  in  fever  both  the  btiut  production  and  the  heat  ex- 
penditure are  interfered  with;  or,  at  leaet,  if  not  always,  that 
there  may  be  iu  certain  cases  such  a  double  disturbance.  In 
fevor  excessive  consumption  of  oxygen  and  production  of  oat- 
bon  dioxid<>  nociir,  ibtt  nietabnlism  is  quick^^ni^i,  lienor  its  wnstr 
ing  U'<'1)-^">ii>iik)  etU-et^;  the  rapid  n^spimtiou  Iviids  to  iucroaeo 
tlto  thirst,  from  thi'  extra  amount  of  t»qu«>ou8  vnpor  oxhalod. 
Thu  body  is  actually  wurmiittt  during  thu  "  cold  Htugo  "  of  ague, 
when  the  voiwoIh  of  the  fikiu  are  comitricti>d  and  the  patient 
feels  cold,  because  the  internal  metaboIUm  is  heightened ;  while 
the  "  sweating  stage  "  is  marked  by  a  natural  fall  of  tempera- 
tare.  The  fact  that  the  skin  may  be  dry  and  pale  in  fever 
shows  that  the  thermotoxic  nervous  merhanisro  is  at  fault ;  but 
tltu  chemical  facti*  cit«d  aboro  (excess  of  (X)i.  etc.)  indicate  that 
the  thermogenic  mechanism  is  also  deranged. 


N 


Spbcial  Considerations. 

If  tho  student  will  now  read  afresh  what  has  bp©u  written 
under  thoalwro  heading  in  relation  to  the  subject  of  digesi  ion,  it 
will  probably  appear  in  a  new  lights  We  eodcaTored  to  show 
that,  according  to  that  general  principle  of  corrolation  which 
holds  throughout  thu  entire  organism,  and  in  harmony  with 
certain  facts,  we  were  bound  to  believe  that  digestion  utnl  as- 
similation, or,  to  speak  in  other  terms,  the  tnotubolic  processes 
of  the  various  tissues,  in  a  somewhat  restricted  sense,  were 
closely  related.  Beneath  the  common  observation  that "  diges- 
tion waits  on  appetite"  lies  the  deejier  tnitli  that  food  is  not 
prepared  in  the  alimentary  OAnal  (digested)  without  some  rela- 
tion to  the  needs  of  the  system  generally.  In  other  words,  the 
voice  of  the  tissues  elsewhere  is  hetml  iu  the  oouncils  of  the 
digvsftive  track,  and  is  regarded ;  and  this  is  effected  chiefly 
through  the  nervous  ssrsteni.  Gluttony  may  lead  to  vomiting 
or  dinrrhtea — plain  ways  of  getting  rid  of  what  can  not  be 
dfgestiMl.  But  bow  is  it  that  a  hungry  man  who  has  been  with- 
out food  for  twenty-four  hours  can  digest  with  ease  a  quantity 
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of  food,  taken  at  one  meal,  that  would  otherwiso  l«ul  to  the 
abovo-uotetl  attemjita  at  its  removal  ?  It  is  a  mistttku  to  cx- 
Ijlaiii  the  result  with  rct'ei-ence  to  tliu  ahmontiiry  tract  alone. 
The  L-iitira  motaliolism  of  the  boJy  has  a  voico  in  thu  iuuttcr. 
From  tliis  point  of  view,  the  beriotit  of  iibstinoDOO  from  Bpi*- 
cific  articles  of  diet,  partial  or  compluti?,  of  takiuf;;  at  timi-s 
very  light  moals,  and  much  moru  that  oxpuriencc  vrarrante, 
receives  an  ex|ilaimtion.  Too  little  attention  8eem«  to  have 
been  given  to  tills  aspect  of  the  subject  that  we  are  now  en- 
deavoring to  present  briefly. 

Until  the  nature  of  metaboligin  is  more  completely  under- 
stood, it  will  bo  impossible  to  treat  the  subject  of  diet,  either 
in  health  or  disoatte,  with  such  confidence  as  to  enable  us  to 
prescribe  upon  scientific  principles  alone.  Very  much  must 
still  be  empirical,  the  outcome  of  trial  and  result,  which  is, 
howi'vor,  after  all,  experiment  in  a  crude  form;  and  individual 
p(.<culinritic!i  that,  an;  iiiNcnitjiblv  in  their  nature  will  always  bo 
encountered.  Notwithstuudinf^,  if  pbysiciuus  will  avail  them- 
selves of  the  host  that  is  known  in  the  realm  of  physiologi- 
cal dietetics,  and  then  contribute  tlie  results  of  their  ub«ierva- 
tions  in  accurate  form,  substantial  progress  will  be  made  in 
due  time. 

Erolstioa. — We  have  already  alluded  to  some  of  those  modi- 
ficatious  in  the  form  of  the  dige^ttive  organs  that  indicate  au 
uuuxpect'jd  plasticity,  and  impress  the  fact  of  the  close  relA* 
tion  of  form  and  function.  The  eouversion  of  a  scn-^11  into  a 
grsmiuivorouH  bird,  with  a  corresponding  alteratiou  iu  the  na- 
ture of  the  form  of  the  stomiich  (it  bwoming  a  gizzanl),  with 
doubtless  modifications  in  thu  digestive  processes,  when  re- 
garded more  closely,  implies  coadaptations  of  a  very  varied 
kind.  These  are  as  yBt.but  imperfectly  known  or  unflerstood, 
and  the  subject  is  a  wide  and  inviting  field  for  the  physiolo- 
gist. Darwin  an<I  others  have  indicated,  though  but  im|)er- 
fectly,  some  of  the  changes  that  are  to  be  regarde<l  in  animals 
as  correlations ;  but  in  physiology  the  subject  had  received  but 
littlt!  nttontion  as  yet.  We  have  in  several  [lartfl  of  this  work 
called  att«ntion  to  it ;  but  the  limits  of  space  prevent  us  doing 
little  more  than  attempting  to  widen  the  stndunt's  field  of 
vision  by  introducing  such  considemtions,  Tho  inthu-iu'O  of 
climate  on  metnboli.'un,  au  uiiiloubted  fact,  has  many  iniplica* 
tions. 

Any  one  who  keeps  a  few  wild  auimuls  iu  confiui>ment  un- 
der clotie  ubxervation,  and  endeuvore  to  ascertain   how  their 
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■ri  cnnfinpd,  will 

iH'ts,  u^uhII)'  con- 

These  facte  help 

iiabit  and  heredity 

or  and  Hotirish  liest 

implies  an    original 

tved,  aKaiii.  pln^ticity 

a*  to  orgntiizv.    Witli- 

t^prchonsililu :  but  with 

Imt  has  oiico  Ll'uu  dune 

lly,  to  bucomo  urganizedf 

he  subject  of  diet,  diges- 

On   these  principles  it    is 

14  dilTerpncea,  even   individ- 

list  be  patent  to  all  observ- 

[ni-y  will  teach  him  that  ho 

;late  what  was  once  all   but  & 

fiat  it  heoonies  comprohnnsible 

,  can,  not  only  nimiun  in  hL-nlth, 

><>i-k  daily  on  n  dii't  on  which  the 

.It  woU-iiigli  storvo  bofore  bo  could 


inhfld  furt  that  whole  families  crave 

liii  articles  of  diet  in  excess,  as  com* 

.cy  —  e.  ft.,  8  meat  diet.    In  some  m> 

li^  can  be  traced  to  patholo^cal  excess 

.  important  to  recoRnize,  however,  that 

']"iii  the  whole  may  be  the  best  that  can  be 

hmr,  it  is  associated  vith  certain  alierratinna 

■  i«  desirable  to  correct;  hence  the  wisflom 

■i\  Kiich  people,  even  children,  to  a  cerlaia 

.-  ..inch  thoy  So  much  crave.    The  habit  of  the 

|t«i)*  lio  modified.    The  rapid  ratu  of  spt'L-d  of  the 

■-.  which  an  excctw  of  such  a  diet  is  apt  to 

I         1 1  .118  }ya*\  results,  such  as  ^reat  iri-italiility  of 

•>y<«l4.'m,  and  a  general  lack  of  stability  and  equi- 

[vitjtl  machine. 

?ipl('  of  natural  selection  has  clearly  played  a  jijreat 

I'Tmininjr  the  diet  of  a  spwies;  the  surviviuR  emi- 

'   iii'W  district  mast  be  those  that  can  adapt  to  the  local 

i-iit  befit,  including  the  food  which  the  region  supplies. 

r  •■apnhility  of  resistinu  hunger  and  thirst  in  some 

Luf  u  8|)eciea  implies  great  differences  in  the  meta- 
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Iwlic  proceaaes,  though  th«M  are  mortly  unknown  lo  us;  ftnd' 
liw  s(t,ra«  remark  applies  to  heat  anrl  cokl. 

It  gecniEi  clear  that  hibernation  is  an  acquired  habil  of  lh« 
whole  metabolism,  with  f^reat  changes  in  the  fnnctioiml  condi- 
tion of  th«  nervous  system  recurriny  iHrioilicnUy,  nmi,  in  fact, 
dopendi-nt  on  these,  by  which  ci>rU»in  large  divisions,  as  the 
reptiles,  amphibians,  nn<i  certuiii  mammals  among  VL-rtL-hriites, 
are  enahled  t<:i  escapi-  individual  dmth  and  extinction  as  groups. 
We  may  suppose  that,  for  example,  among  iiivertehnites,  by  a 
proceBS  of  natural  st^'lectiun,  tliose  surviviid  that  cuuld  thus 
adapt  themselves  to  the  environment;  while,  among  mammals, 
hihi^rnation  may  he  considered  as  a  process  of  reversion,  per- 
haps, for  Ihe  homoiothormor  hecomes  very  much  a  poikilo- 
thermer  during  hibernation,  the  latter  again  reverting  to  a 
condition  existing  in  lower  forms,  and  not  wholly  unlike  that 
of  plnnti<i  in  winter.  This  can  be  understood  on  the  princi- 
ple of  the  origin  of  higher  from  lower  fofms;  otherwise  it 
is  difficult  to  un<loratand  why  similar  states  of  the  metabolism 
should  prevail  in  groups  widely  soparnted  in  form  and  func- 
tion. If  all  higher  groups  iKuir  n  derivative  relation  lo  the 
lower,  what  is  eommon  in  their  nature,  a»  wo  usually  6nd 
them,  OS  well  ns  the  peculiar  resemblances  of  the  metabolism 
of  higher  to  lower  fonns  in  sleep,  hibernation,  etc,  can  be 
understood  in  the  light  of  physiological  reversion. 

The  origin  of  a  humoiotlittrmic  (warm-blooded)  condition 
itself  is  to  bo  sought  for  in  the  principle  of  natural  selection. 
It  was  open  to  certain  organisms,  we  may  assume,  either  to 
adajtt  to  a  temperature  much  below  that  of  their  blond,  or  to 
hibernate;  failing  to  make  either  wtaptation  would  result  in 
death;  and  gradually,  no  doubt,  involving  the  death  of  num* 
berless  individuals  or  species,  the  resisting  power  attained  the 
marvelous  degree  that  we  are  constantly  witne-ssing  in  all 
homoiothermers. 

The  daily  variations  of  the  bodily  temperature  in  homoio- 
thermers is  a  beautiful  example  of  the  law  of  rhythm  evident 
in  the  metabolism.  Hibernation  is  another  such.  While  thoM 
are  clehr  cases,  it  is  without,  doubt  true  tliat,  did  wo  but  know 
more  of  the  subject,  a  host  of  examples  of  the  oiwration  of  this 
law  might  be  instanced. 

We  can  but  touch  on  these  subjects  enough  to  show  that 
they  desi-rvo  nn  attention  not  as  yet  bestowed  on  them ;  and  to 
the  thoughtful  it  will  be  evident  that  their  inBuonce  on  pra«- 
Ileal  lifu  miffht  bu  made  very  groat  were  they  but  rightly  ap- 
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prchonilod.  In  that  preventive  medirine  of  the  fntiire  to  wliicb 
wu  fuii'lly  lix>k  til  advance  the  welfare  of  maiikiad,  such  consid- 
erutiouK  must  largely  »Dtar. 


The  iNrLUENCB  of  tob  Kbrvous  Ststbh  on  Mbtauolism 

(Nutkition). 

TliiR  subject  is  of  the  utmoRt  ini)K)rtance,  and  has  tint  re- 
lioeived  the  attention  hitherto,  in  works  on  physiology,  to  which 
re  buHeve  it  is  entitled,  so  that  we  must  di»cii».s  it  at  some 
length. 

Wo  may  first  mention  a  number  of  facts  on  which  to  base 
conclusions:  1.  Suction  of  the  iiurvos  of  bonc8  is  )<aid  to  be  fol- 
lowed by  a  diminutiou  of  their  constituents,  indicating  an 
alteration  in  ihuir  metabolism,  'i.  St>ctiou  of  the  nerves  sup- 
plying a  coc^k's  comb  inti'rffrL*s  with  the  growth  of  thut  ap- 
pfndiiijt',  3,  Section  of  the  spt'rmiif  ic  ulTvOj)  is  followed  by  ile- 
gi'nerution  of  the  testicle,  i.  After  injury  to  a  neire  or  its 
center  in  the  brain  or  spinal  coni,  certain  affections  nf  the 
skin  may  appear  in  regiona  correspondinR  to  the  diBtributioa 
of  that  nerve;  thus,  herpes  zoster  is  an  eruption  that  followa 
frequently  the  distribution  of  the  intercostal  nerve,  fi.  When 
the  motor  cells  of  the  anterior  horn  of  the  s])inal  cord  or  cer- 
tain cells  in  the  pons,  medulla,  or  cms  cerebri  are  disordered, 
there  is  a  form  of  muscular  atmphy  whirh  has  been  termed 
tractive,"  inasmuch  as  the  muscle  d<ies  not  waste  merely,  but 
dwindling  is  accompanied  by  proliferation  of  the  muscle 
nuclei.  C  In  acute  tlrcutiitiia  bt-d-son-s  form  within  a  few  hours 
j.DT  days  of  the  appeurauct^  of  the  cerebral  or  spinal  lesion,  and 
with  ever)-  precaution  to  prevent  pressure  or  the  other 
'conditions  that  favor  the  formation  of  such  sores.  7.  After 
section  of  both  vagi,  death  results  after  a  period,  varying  in 
time,  as  do  also  the  symptoms,  with  the  animal.  In  some  ani- 
mals pneumonia  seems  to  account  for  death,  since  it  is  found 
that,  if  this  disease  be  prevented,  life  may,  at  all  events,  he 
tly  prolonged.  The  pneumonia  has  been  attributed  to 
lyses  of  tlte  muscles  of  the  larynx,  together  with  lass  of 
■ibility  of  the  larynx,  trnche-a,  bronchi,  and  the  lungs,  so 
liat  the  glottis  is  not  cbwed  during  deglutition,  and  the  fooil, 
Inding  its  way  into  the  lungs,  has  excitt.><l  the  diHCiiso  by  in'ila- 
tion.  The  possibility  of  vaso-motor  changes  is  not  to  bo  over- 
looked, lu  btrtU,  death  may  hv  subsciguent  (o  pneumonia  or 
I  ioanitJui)  from  paralysis  of  the  wsoithagus,  food  not  being 
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flwallowetL  It  is  ndtk'ed  thai  in  tlifse  c-rwaturfs  there  is  fatty 
(and  eometimesothiT)  ilogeiiorntioii  of  t\its  /ifflrf.liviT.  stomach, 
and  muttcliM.  &  Sectiou  of  the  trif^i-niinus  nor\*c  \viiliiii  the 
okull  has  led  to  disease  of  tht?  com'Spouding  oyo.  Tlii«  diktu- 
tion  renders  the  whole  ey<'  iusensiblo,  bo  that  the  ppewm-e  of 
nffondiiiR  hodies  is  not  rerof^nizt'd ;  and  it  has  bit-n  both  as- 
serted and  denied  that  protection  of  the  oyo  from  those  pre- 
vents the  destructive  inflammation.  With  the  loss  of  sensi- 
hility  there  is  also  vaao-motnr  paralysis,  the  intra-ociilar  ten- 
sion is  diminished,  and  the  relations  of  the  nutritive  l)Tnph  to 
the  ocular  tissues  are  alterpd.  But  all  disturbances  of  the  eye 
in  which  ttien- arc  vaso-motor  alterations  are  not  followed  by 
dcsent-mtive  rhanKftt.  ft,  I>egeneration  nf  the  salivary  glaadB 
follows  .'w.rtioii  nf  their  nerves.  1(>.  After  sutnre  of  lon^-di> 
vidt'd  nerves,  indolent  ulceri  have  been  Icnown  to  heal  with 
great  rapidity.  This  last  fact  especinlly  calls  for  explanation. 
It  will  be  observed,  when  one  eonic«  to  examine  nearly  all  such 
iiii^taucos  ae  those  referred  to  ub<>vi<,  that  they  are  complex. 
Undoubtedly,  in  8uvh  a  case  as  the  trigeminus  or  the  vagi, 
many  factors  contribute  to  the  destructive  issue ;  but  the  fact 
that  many  symptfims  and  lesions  are  concomitants  does  not,  of 
itself,  negative  the  view  that  there  may  be  lesions  directlj 
dependent  on  the  absence  of  the  functional  influence  of  nervo- 
flljers.  We  prefer,  however,  to  discuss  tlie  subject  on  a  broader 
biwi*.  and  to  found  opinions  on  a  wider  survey  of  the  facta  of 
physiology. 

After  a  little  time  (n  few  hours),  when  thoner\'esof  the  sob* 
maxiilnry  uland  have  been  divided,  a  flow  of  saliva  begins  and 
ia  continuous  till  the  secreting  cells  Iweome  altere<l  in  a  way 
▼isible  by  the  microscope.  Now,  we  have  learned  that  proto- 
plasm can  discharge  all  its  functions  jti  the  lowest  forms  of 
animals  and  in  plants  inde{)endi'ntly  of  nerves  altogether. 
What,  then,  is  the  explanation  of  this  so-ealle<l  "paralytic 
secretion  "  of  saliva  ?  The  evidence  that  the  various  functions 
of  the  body  ns  a  whole  are  discharged  as  i«di\-idual  lurt*  or 
series  of  acts  coiTi-lated  toother  functions  has  been  abundantly 
shown;  and.  looking  at  the  matter  closely,  it  must  seem  un- 
reasonable to  suppose  that  this  would  be  the  case  if  there  was 
not  a  rlose  BUiiervision  by  the  nervous  system  over  even  the 
details  of  the  proeeases.  We  should  ask  llmt  the  contrary  be 
proved,  rather  than  that  the  hur<len  of  proof  should  rest  on  the 
other  side.  Let  us  assume  that  such  is  the  ciu«e ;  that  the  entire 
behavior  of  every  cell  of  the  body  is  directly  or  indirectly  con- 
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trolled  by  the  norvuus  t^ys1i.-m  in  tlii<  lii^Iiur  ODimals,  especiaUjr 
niammalH,  and  ask,  What  facts,  if  niiy.  aru  opipoBed  to  Buch  a 
riew  ?  We  must  suppose  that  a  »ocrftory  poU  is  one  that  has 
lioon,  in  the  cnurse  of  evolution,  specialized  fop  this  end.  Wliat- 
ever  may  have  Ijeen  the  case  with  protoplasm  in  itsiinspocializcid 
form,  it  ha»  hcen  shown  that  gland-cells  can  secrete  iiKicjM'nd- 
t-ntiy  of  htood-supiily  (pages  :VH,  Jlti)  when  the  nerves  going  to 
the  gland  are  stimulated.  Now.  if  these  neires  linvo  k>ariiMl.  iu 
(ho  course  of  evolution,  to  wcrete,  then  in  oriler  that  thoy  Mhall 
remain  natural  (not  deg<«nf;rati-)  they  mn^t  of  nix^nwity  M<crute : 
vfhich  means  that  they  must  l>e  the  suhjfct  of  a  chain  of  meta- 
bolic proceaaea,  of  which  tli«  final  link  only  is  the  oxpulsinn  of 
formed  products.  Too  much  attt-ntion  was  at  one  time  directed 
to  the  latter.  It  was  forgotten,  or  rather  perhaps  unknown, 
that  the  so-called  secretion  was  only  the  lost  of  a  long  scries  of 
ftcte  of  the  cell.  True,  when  the  celU  are  loft  to  themselves, 
when  uo  inflnencas  reach  them  from  the  stimulating  ncrvoua 
oentcm,  their  metnholtsm  tlues  not  at  once  cease.  As  we  view 
it,  they  reveH  to  an  original  anceatral  state  when  Ihey  per- 
formed  thoir  work,  lived  their  peculiar  individual  life  as  less 
specialized  forms  wholly  or  partially  independeut  of  a  nervous 
sy8t«m.  But  such  divorced  cells  fail;  they  do  not  produce 
normal  saliva,  their  molecular  nindition  goes  wi'ong  at  om-e, 
and  this  is  soon  followed  by  di'parturns  visibk'  by  means  of  the 
uicroscope.  But  just  as  secretion  is  usually  accompanied  by 
excess  of  blood,  so  most  fuuctional  conditions,  if  not  all.  de- 
mand an  unusual  supply  of  i>abulnm.  This  is,  however,  no 
more  a  cause  of  the  functional  condition  than  f<H>d  isacaoso 
of  A  man's  working.  It  may  hamper,  if  not  digested  and  assimi* 
Ut«<l.  It  becomes,  then,  apparent  that  the  essential  fi>r  nielnb- 
ulism  is  a  vital  conneL-tioii  with  the  dominant  nervous  system. 

It  had  been  objected  that  tliu  .nervous  system  has  a  nietab- 
cdism  of  its  own  indoiwudent  of  other  regulative  iuflucnces; 
but  in  this  objection  it  seems  to  be  forgotten  that  the  nervous 
system  is  itself  made  up  of  parts  which  are  related  as  higher 
aud  lower,  or  at  all  events  which  intercommunicate  and  ener- 
^.■mzeone  another.  We  have  learned  that  one  muscle-cell  has 
^'Jower  to  muse  another  to  activity  when  an  impulse  has  peached 
it  from  a  nervous  center.  Doubtless  this  phenomenon  has 
many  panillels  iu  the  body,  and  explains  how  remotely  a  nerv- 
ous center  may  exert  its  power.  It  enables  one  to  understand  to 
some  extent  many  of  those  wonderful  co-ordinations  (obscure 
in  detail)  that  are  constantly  taking  place  in  the  body.     Wo 
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think  t!ie  faots  as  tlipy  accumulate  will  more  and  more  sliov, 
H8  haa  tieen  nlr^ily  ur^ed,  thnt  thn  inHupnce  of  b1i>o<l-pTx.>wiurt; 
un  tho  met«bi>Iic  (nutritive)  proressps  lias  bwn  tiiucb  ov*r- 
ostimutud.  Tlicy  aro  not  esflcntial  but  roncotniumt  in  tho 
hifftipst  atiimuls.  Turning  to  IIil'  case  of  mu»clt*  vro  iind  ihut 
vrhen  a  Rkeletal  muxclt)  is  tctanizc-d  thu  os»c>utial  chvuiicul  utid 
electrical  phenomena  are  tu  be  regarded  as  cbaaguK  dilToriug  in 
degree  only  from  those  of  tlie  so-called  resting  Btate.  Tbere  b 
more  oxygen  used,  more  carbonic  anhydride  exci-ete*!,  etc.  The 
chnngo  in  form  aeoms  to  be  the  least  important  fr*jni  a  physio 
logical  point  of  view.  Now,  while  alt  tlii»  can  go  on  in  tho 
absenoo  of  Wooil  or  even  of  oxygen,  it  can  not  Inkv  place  with- 
out nerve  iaflueuce  or  KonK'thing  simulating  it..  Cut  thu  uerve 
of  a  muscle,  and  it  undergoes  fatly  degeneration,  and  atrophies. 
True,  this  may  be  deferred,  but  not  indefinitely,  by  the  applica- 
tion of  electricity,  acting  somewhat  like  a  nerve  itself,  and  in- 
ducing the  apprnximately  normal  series  of  metalxdic  changus. 
If,  then,  the  condition  when  not  in  contraction  (re^t)  diffoK 
from  tho  latter  in  all  the  essential  nietaliolic  changi-8  in  rato  or 
degree  only;  and  if  the  functional  conditimi  or  accelerated 
metabolism  in  dt^pcndont  on  nerve  inlliiL-nce,  it  »u«?ms  reason- 
able to  boliove  that  in  tho  resting  condition  tho  latter  is  not 
withheld. 

Certain  forms  of  paralysis  {e.  g,,  hysterical)  are  not  followed 
by  atrophy.  Why  ?  Because  in  this  form  the  nerve  influence 
is  still  exerted. 

The  recent  investigations  on  the  heart  make  such  views  as 
wo  are  urging  clenrur  still.  It  is  known  that  section  of  tlie 
vagi  leads  U>  deg^tneration  of  tho  canliac  ittrticture.  We  now 
know  that  this  nerve  contains  fil>ers  which  have  a  diverse 
action  on  tho  metabolism  of  the  heart,  and  that,  according 
as  the  one  or  the  other  set  is  stimulated,  so  does  tho  electri- 
cal condition  vary ;  and  everywhere,  so  far  as  known,  a  differ- 
ence in  electrieal  conditions  s^-ems  to  be  associated  with  a 
difference  in  nielalx)lism,  which  may  bo  one  of  degree  only, 
piThaps.  in  many  insttiucef?— still  a  difference.  The  facta  as 
hrought  to  light  by  experimental  stimulation  harmonize  witli 
the  facts  of  degeneration  of  the  cardiac  tissue  on  section  of  the 
vagi;  but  this  is  only  clear  on  the  view  we  are  now  presenting, 
that  the  action  of  the  nervous  system  is  not  only  universal, 
but  that  it  is  constant;  that  function  is  not  an  isolatMl  and 
independent  condition  of  an  organ  or  tissue,  but  a  part  of  a 
long  series  of  metabolic  changes,    It  is  true  that  one  or  more 
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of  sucli  chnngcK  may  hv  arrtwtoil,  just  as  »li  of  thorn  may  go 
on  at  a  less  rate,  if  this  actual  outpouring  uf  paiK-reatic  M>cre- 
tioQ  ia  not  constant ;  but  oecretion  is  not  summed  up  in  dis- 
charge merely;  and,  nn  tlio  other  hand,  it  would  seem  Hint  iu 
sonio  animals  the  grnnuU'S  of  the  Oigcistive  ginnds  nn-  being 
renewed  while  they  are  being  uaod  up,  in  secreting  cells,  The 
processes  may  bo  simultiuioous  or  suiTvi^ive.  Nor  do  we  wish 
to  imply  that  the  nervous  system  merely  holds  in  che^-k  or  in 
a  rery  general  sense  co-ordinates  processes  that  go  on  unorigi- 
nated  by  it  Wo  think  the  facts  warrant  the  view  that  they  ar© 
in  the  highest  mammals  either  directly  (niootly)  or  imlini'tly 
originated  by  it,  that  they  would  not  take  place  in  the  absence 
of  this  conittnnt  nervous  influence.  The  fitcts  of  common  ob- 
8or\'ation,  as  well  as  the  fact*  of  disease,  point  iu  the  sirongeet 
way  to  such  a  concliisiun.  Every  one  has  experienced  the  in* 
fiuence,  on  not  one  but  many  functions  of  the  Iiody,  we  might 
say  the  entire  metabolism,  of  depressing  or  exalting  emotions. 
The  failure  of  appetite  and  loss  of  Resh  and  mental  p<twer  under 
the  influence  of  grief  or  worry,  tell  a  plain  story.  Such  brotul 
facts  are  of  in^nit«ly  more  value  in  settling  such  a  question  as 
that  now  diwusac"!  than  any  singlr  experiment.  The  best  tt-et 
of  any  theory  is  the  extent  to  which  it  will  explain  the  whole 
round  of  facts.  Take  another  instance  of  the  influence  over 
metabolism  of  the  nervous  system. 

Every  athlete  knows  that  he  may  overtrain — i.  e.,  he  may 
[Lie  his  muscles  so  much  as  to  disturb  the  balance  of  his  powers 
omewhere — very  freipieiitly  bis  digetftinn;    but  often  thero 

IDS  to  be  a  general  hre<i.k— the  whole  nietalxdism  of  the  body 
;  to  be  out  of  gear.  If  we  assume  a  conf^tmit  nervuuw  influ- 
'iniB  over  the  mctalxilfe  processes,  this  is  cotiiprehensihlf.  The 
Centers  can  produce  only  so  much  of  what  we  may  call  nerv- 
ous force,  using  the  terra  in  the  sense  of  directive  power;  and 
if  this  be  unduly  diverted  to  the  muscles,  other  parts  must 
suffer.    The  same  holds  of  excessive  mental  npplicalion. 

On  this  view  also  the  value  of  i-est  or  change  of  iwcupation 
becomes  clear.  The  nervous  centers  are  not  without  some  ro- 
somblanco  to  a  battery  i  at  most,  the  latter  can  generate  only  a 
definite  quantity  of  electricity,  and,  if  a  portion  of  this  he  di- 
verted along  one  conductor,  less  roust  remain  to  pass  by  any 
other. 

It  ia  of  practical  importance  to  recognize  that  under  great 
excitement  unusual  discharges  from  a  nerve-center  may  lead 
to  unwonted  functional  activity :  thus,  under  the  stimulus  of 
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the  occaraon  a  man  may  in  a  1x>at-rACC  oripiint«  musotilur  con- 
tractions that  he  roulti  not  by  thu  strongust  efforts  of  Ins  will 
«ill  forth  un<ler  other  circun)staiic(.'ii.  Such  are  always  dan- 
gerous. We  might  speak  of  a  rewrve  or  rctcidual  uer%'e  force, 
thti  uxpi-nilitum  of  which  results  in  iiit*riuu»  disability.  It  also 
applii-K  to  motital  itml  emotional  utTvcts  as  well  as  mu.«cu)ar, 
and  seems  to  us  tu  throw  light  upon  many  of  the  failui'os  aad 
raocessei!  (so  calltKl)  of  life. 

It  seems  that  our  past  views  of  secretion  and  nutrition  havo 
been  partial  rather  than  erroneous  in  themwlves.  and  it  is  & 
question  whether  it  would  not  be  well  to  substitute  some  otUer 
terms  for  them,  or  at  least  to  recogjiiiw  them  more  cloarly  as 
phases  of  a  universal  metaliolisni.  We  appisar  to  bo  warranted 
in  making  a  wider  generalization.  To  regard  processes  oon- 
cerned  in  building  up  a  tissue  as  apart  from  those  that  are  rec- 
ognized as  constituting  its  function,  seems,  with  the  knowledge 
we  at  present  possess,  to  be  illogical  and  unwise.  Whether, 
in  the  course  uf  evolution,  certain  nerves,  or,  as  seems  more 
likely,  certain  nerve-libers  in  the  body  of  nerve-trunks,  have 
become  the  medium  of  ini|nil.w»  that  are  restricted  to  regulat- 
ing certain  jilia^eit  of  metabolism — as,  e.  g.,  expulsion  of  formed 
pi-oduct«  in  gland-cells — Is  not,  from  a  general  point  of  viow, 
improbabk',  and  i^  a  fitting  subject  for  further  investigation. 
But  it  will  be  seen  that  we  should  regard  all  nerves  as  "  tro- 
phic" in  the«-ider  sense.  What  is  most  needed,  apparently, iss 
more  just  estimation  of  the  relative  parts  played  by  blood  and 
blood-pressure,  and  the  direct  influence  of  the  nervous  system 
on  the  life-work  of  the  cell.  These  views  are  greatly  .strt^ngth- 
ened  by  the  facts,  well  known  to  every  observer  of  di-sease  in 
the  human  subject.  The  preponderating  development  of  the 
cerebrum  in  man  must  be  taken  into  account  in  the  working 
of  every  organ.  To  have  a  healthy  stomach,  liver,  kidneys, 
etc,  is  not  enough  ;  for  real  health,  all  the  parts  of  tlint  groat 
c^fuiplex  of  organs  we  call  the  brain  must  not  only  work,  bnt 
work  in  concert, 

Wu  must  regard  the  ner^'ous  centers  as  the  source  of  cesso- 
less  pulses  that  operate  upon  all  parts,  originating  and  con- 
trolling the  entire  metabolism,  uf  which  what  we  term  func- 
tions are  but  certain  phases,  parts  of  a  whole,  but  essential  for 
the  health  or  normal  condition  of  the  tii<sues.  Against  such  a 
view  we  know  no  facts,  either  of  the  healthy  or  disordered  or- 
gan i^ni. 

Stimmary  of  Uetaboltun. — Very  briefly,  and  somewhat  incoiD- 
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pletely,  ire  nwy  stun  up  tlio  chief  rosulte  of  our  present  kuowU 
edgu  {fmd  ignoriviu'ul  as  io\lo\v»: 

Glycogeu  ui  found  in  tho  livvmuf  all  wrUihrate  aiic]  somt^ 
iavertebraU)  animals.  Tlii<  quantity  vAri<^«  with  the  diet,  boiiit; 
in^atest  with  an  uxoess  uf  cttrbohydnitci!. 

It  seema  likely  that  Rlycogen  is  maniifHrlurad  from  tho  pro- 
toplasm of  the  liver-cells,  though  it  is  ponsibtQ  that  tlio  1atti>r 
may  act  ou  aubstance»  contained  in  the  lymph,  and  convert 
tiipm  into  (glycogen  which  they  st()re  up.  The  phenomena  of 
(tuxbeifM  mfUitus  »^m  to  indicate  that  vaiin-motor  <^f?e<?ls  in  the 
liver  arc)  not  esscniinl  to  the  formation  of  the  excels  of  sugar 
in  that  dixcasL-.  wliitOi  i-xc^ijis  is  only  one  symptom,  there  being 
frttjuonlly  also  u  liirguly  iurroasotl  socnttioii  of  urea;  bnt  inas- 
much as  thu  UL^rvous  systom  is  greatly  dt-rariLC«^«)  in  thi»  mahuly, 
the  symptoms,  i'tc,  uf  the  dist>tiDe  as  a  whole  may  bo  mtlivr 
ngardvd  as  showing  how  impurtaut  is  ihu  due  influence  of 
tlw  nervous  syst4.>m. 

Glycogen  may  be  regarded  as  stored  material  to  hv  (Convert- 
ed into  fugar,  as  recjutfed  by  the  organism :  though  the  exact 
use  of  the  sugar  and  the  method  of  its  disposal  are  unknown, 

Kat  is  not  stored  up  in  the  body  as  the  result  of  being 
merely  picked  out  from  the  blond  roady  made;  but  is  a  genuine 
product  of  the  nu^taboIiMm  of  the  tifl8ut3s,  ami  may  l>e  formed 
from  fatty,  mrbohydrate,  or  prot*id  fooii.  This  becomes  es- 
pecially ck-fir  whui]  tho  diffurencu  in  the  fat  of  uuiinuls  from 
that  on  which  they  feud  IS  considered,  as  well  as  the  direct  re- 
sults of  feeding  experiments,  and  the  nature  of  the  st-cretion  of 
milk. 

The  liver  seems  be  engaged  in  a  very  varied  round  of  meta- 
bolic processes:  the  manufacture  of  bile,  of  glycogen,  of  urea, 
and  probably  of  many  other  snbstanrpK,  some  knovru  and 
others  unknown,  as  chemind  imlividuaU.  Ureii  is  in  great 
pari  probably  only  appropriated  by  the  kidney-cells  (Amoeba* 
like)  from  the  blood  in  which  it  is  found  ready-ma<lp;  though 
it  may  Iks  that  n  part  is  formed  in  these  wdls.  either  from 
bodies  some  ste))s  on  the  way  toward  nren.  or  out  of  their  pro- 
toplasm, OS  fat  seems  to  be  by  the  cells  of  ilie  mammary  gland. 

The  luticiu  (and  tyrosiu  ?)  of  lhi<  digestive  cauul  sustiiins 
some  r«^>lulion  to  the  mnuufacture  of  urea  by  the  liver,  and 
[x>S8ibly  by  lb«  spleen  juid  other  organs :  for  an  animal  diet 
increases  those  products,  and  also  the  urea  excreted.  Creatiu, 
one  of  the  products  of  proteid  metabolism,  and  postiltly  allied 
bodies,  may  be  considered  as  in  a  certain  sense  antecedent*!  of 
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urea ;  urio  acid,  however,  does  not  soom  to  bo  snrh,  nor  is  it  to 
Iw  regarded  as  a  budy  tlmt  has  some  of  it  escaped  complete 
uxidittion,  but  rather  as  a  result  of  a  distinct  departure  of  the 
niutiilxiliiim ;  and  there  are  facts  which  seem  to  indicate  that 
thf  uric-acid  metabollBm  is  the  older,  from  an  evolutionary 
point  uf  viovr,  and  that  iii  inammaU,  anil  esjiecially  in  man,  as 
tltu  FL-sult^  of  ivrtain  errors  thera  may  l>e  a  physioloi^cal  (or 
pHtholu^ical)  rovc-rttion.  Hippnric  acid,  as  replacing  uri<;  acid 
in  Ihi-  hi-rbi  Vf^ra.  miiy  be  re(i;nrded  in  a  similar  li^ht. 

Our  knowledge  of  thu  mi'tabolism  of  the  spluuu,  beyond  its 
relations  to  thu  formation  of  bluud-cells  and  their  disintegra- 
tion, is  in  the  suggestive  rather  tlmn  the  positive  stage.  It 
seems  highly  probable  that  this  organ  plays  a  very  important 
jwrt,  the  <3xact  nature  of  whirh  is  as  yet  unknown. 

When  an  animal  starves,  it  may  lie  considered  as  feeding  on 
it«  own  tissues,  the  more  active  and  important  utilizing  the 
olIiei-8,  Xutwi  til  standing,  organs  with  a  vury  active  metabo- 
lism, (tn  the  muxeh'S  and  glands,  lose  weight  tu  a  large  extent. 
The  pre»enoe  of  urea  to  an  amouut  not  very  gntatly  below  the 
averagL'  in  heulth,  shows  that  there  is  an  active  proteid  metab* 
olism  then  ns  at  all  limes  in  progress. 

General  experience  and  exact  experiments  prove  that,  while 
an  animal's  diet  may  be  sui>plied  with  fl[>f>cial  regard  to  fatten- 
ing, U)  increase  working  power,  or  simply  to  maintain  it  in 
liealtli,  as  evidenced  by  breeding  ea[)ftcity,  form,  etc,  in  all  cases 
tlioro  uuiMt  1)0  at  least  a  certain  minimnni  (piautity  of  each  of 
the  food-stulT8.  No  one  food  can  be  said  to  be  exclusively 
fattening,  heat-forming,  or  muHck'i-fonning. 

A  carbohydrate  diet  tends  to  production  of  fat ;  flesh,  and 
other  proteid  food  to  supply  muscular  energj',  but  the  latter 
alao  produces  fat.  and  a  diet  of  fltsh  mixi^nl  with  fat  or  gelatin 
will  serve  the  purposes  of  the  economy  bc-tter  tluui  one  contain- 
inga  very  much  larger  quantity  of  proteid  alone.  Muscular 
energy,  as  is  to  be  inferred  from  the  excreta,  is  not  the  result 
of  nitrogenous  metabolism  alone :  and  in  arranging  any  diet 
for  man  or  beast  the  raoe  and  the  indiWdual  must  be  consid- 
ered. Animals  can  not  be  treated  as  machines,  like  engine* 
using  siniiliir  ijuantities  of  fuel ;  though  this  holds  far  mure  of 
man  than  the  lowor  animals — i.  e.,  the  results  may  be  predicted 
from  the  diet  wiUi  far  less  certninty  in  the  cae«  of  man  than  of 
other  mammals. 

Food  is  related  to  excreta  in  a  definite  way.  so  that  all  that 
enters  as  food  must  sooner  or  later  appear  as  urea,  salta;  car- 
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ic  uiihyilriilu,  watLT,  otc  Tht's*  are  inJiviJually  t«  bw  rv- 
gardt-d  ii«  the  linal  links  iu  a  long  chain  uf  mt'tabolic  prowjsses 
or  rather  a  series  of  these.     Fata  and  carl)o)iydrates  are  repre- 

t«d  finally  as  carbonic  anhydride  and  water  principally,  pro- 
Ids  ik(  uren. 

Nitrogonuus  futnU  iiiny  bu  regarded  n-s  accek>rntiug  the 
metabuUc  prucusson  guaerally  and  prut4-id  luetuboUsni  in  paj"- 
ticular,  wliUe  fate  have  the  ri'verse  uffoct ;  henco  fat  in  the  ditt 
renders  a  lees  quantity  of  proleid  sutiicient.  Gelatine  seems  to 
act  when  mixed  with  proteid  food  either  like  an  additional 
quantity  of  protsid,  or  possibly  like  fat,  at  all  events  under  such 
01  re nm stances  lees  proteid  nufliees. 

Thp.tfi  facts  have  n  liearing  not  only  on  health  but  on  econ* 
omy,  in  the  oxpendituro  for  food. 

Suits  hold  a  very  importaiit  place  in  every  diet,  though 
their  exact  iuUuence  is  in  great  part  unknown.  The  heat  of 
the  body  is  the  resultant  of  aU  the  metabolic  processes  of  the 
organism,  especially  the  oxidative  ones.  Certain  footl-sluffs 
have  greater  potential  onjiacity  for  heat  formation  than  others ; 
but,  tiimlly.  the  result  depends  ou  whether  tlie  organism  caa 
best  utilize  one  or  the  other. 

A  certaiu  body  temperature,  varying  only  within  narrow 
limits,  is  maintained,  jmrtly  by  regulation  of  the  supply  and 
partly  by  the  regulation  of  the  loss. 

Bolli  tJiesft  are,  in  health,  under  the  direction  of  the  nervous 
system,  and  both  are  co-ordinate*!  by  the  same.  Loss  Is  chiefly 
through  the  skin  and  lungs;  gain  eiiietly  through  the  organs 
of  most  ac^tive  metabolism,  as  the  nuiscles  and  glands. 

Vaso-motor  effects  play  a  great  part  in  the  oseapn-  of  heat. 

Animals  may  be  divided  into  poikilothermers  and  homoio- 
Ihermers,  or  cold-blooded  and  wann-bloo<led  animals,  accord- 
ing aa  their  body  heat  varies  with  or  is  independent  of  the  ex- 
ternal changes  of  lemiKTature.  All  the  facts  go  to  show  that 
in  mnmniidis  the  prwresses  of  the  iKidy  (metalKilism)  can  con- 
tinue only  within  a  slight  rangii  of  variations  in  temperature, 
though  the  upward  limit  is  narrower  than  the  downward. 

Upon  the  whole,  thu  evidence  justilios  the  Conclusiou  tliat 
tho  nervous  system  is  coiioerntHl  iu  all  the  metabolic  processes 
of  the  body  in  mammals  including  man,  and  that,  as  we  descend 
the  scale,  the  dominion  of  the  nervous  system  becomes  less  till 
we  reach  a  point  when  protoplasm  poes  through  the  whole 
cycle  of  its  chants  by  virtue  of  it**  own  propertie.t  uninfluenced 
by  any  RKKlification  of  itself  in  the  form  of  a  nervous  system. 
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IHE  SPINAL  OOBD.-OENERAL. 

Among  the  higher  vert<rbniU^  tlm  spiiml  con!  Is  foiimi  to' 
consist  of  nervf-cells,  iiervfvtilji-eaiiiiul  a  (kilk-atc-coiiuectivi-  lis- 
Kill)  binding  them  ti>g<^<tiior ;  wliilb  tLoso  diffvrvut  structures  aro 
urrHiiKL-d  iu  tk-liuitt;  furms,  no  that  a  cross-mtutioii  uuy  wlioru  pfO- 
scntji  II  cburuck'ristic  appearance,  the  more  irajjurtant  gangli- 
onic ncrvooullii  being  internal  and  forming  a  large  port  of 


V|MlbciBln>ir«J  Tiew  of  iwrmii*  ■tMivd  at  man  r»ni>r  Mivarli.    I,  otTObnim :  S.  txrrbtt- 

tho  KTay  matter  of  the  cord.  All  tho  various  regions  of  this 
orirnn  or  series  of  organs  are  connected  with  ouo  snuther,  white 
with  whit^  and  gray  muttor,  as  well  as  vliito  with  gray  sub- 
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stance.    The  cord  mny  be  regardtftl  either  as  an  instmment  for 
ttie  reception  and  generation  of  impulses  independent  of  the 


Pn.  Stt. -Tnuu<n<nu>  iKIloo  nt  iniliuil  <?nnl  of  child  Mr  DODIli'  I'll!,  Dt  mbTdlp  at  liimlMf 
nsfao.iil>owliie«i>niall}^  ihpntirnuf  RrariiitiiMaiioK  Iitm  lAfurdcrlBch.)  a.vii«- 
riir  colunms:  B^  jumtrnor  enluniiu:  r,  lalcnl  column*:  d.  nntprlur  nxiu;  r.  pcmvtlat 

roiM)>i  /.  nnlrrfor  »hir>'  f mlMun- :  g.  MumJ  ekiwl  tinnl  b)'  aiililii-ltnl  •vlln:  A,  CMi' 

Dfcllv^lEixiii*  «ijl»kijLri.-   -Mi-F^timtflnii  li ;  f.  lrAnHr*in«>  Abrris  nf  fray  «'< irrtmlnrirp  Iti  Ttrrtii. 

Vkil  *>  l)h'  mnn'  1 1'  1. 1  rill  .  I  III  ml  i-iin&l:  ^  <wo  win*  cut  ftt^nwa;  mi»  ai«'*flcpr  cnmtui  i  n^ 

'  JET^^i  laleml  rvW  ^-h'iiji  hT  lULTf^rlor  corfiuA '-  o,  k^er  (uilrlor  otli  irroui*  (coLuriini;  i*, 

iiWnaH—  iu«4lui  tvll  jcrtoii' .  'j.  pwirriur  comua  i  r.  aawriicUnt:  fuclcuU  lu  paMi-rior 

;  oofBua ;  It,  wiUMantlN  golauuouL 

br^o ;  or  aa  a  conductor  of  atfercat  and  efferent  impulse?  des- 
tinw]  for  the  brain  or  ori^nating  in  that  orgnti.  As  a  matter 
of  fact,  howev*?r,  it  is  hotter  to  bt-ar  in  mind  that  the  cord  and 
brain  constitute  one  organ  or  chain  of  organs,  which,  as  wo 
have  Icnmed  from  our  studios  in  duvelopment,  aro  differentia- 
tions of  one  common  track,  originating  from  tho  t-piblast, 

AVhilc  the  brain  and  the  cord  may  act  independently  to  a 
▼ery  htrge  extent,  as  may  be  shown  by  ex|>eriment,  yet  it  can 
not  he  too  well  home  in  mind  that  in  the  artual  normal  life  of 
an  animal  such  purely  independent  behavior  must  he  exceed- 
ingly rare.  We  are  constantly  in  danger,  in  studying  a  8ub- 
jecti  of  making  in  our  minds  isolations  which  do  not  exist  in 
nature.    When  one  accidentally  sitji  upon  n  sharp  object,  he 

SI 
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riBW  suddeuly  without  a  »pccifil  offort  uf  will  pover ;  ho  cxperi- 
«aiOH  pun,  aud  haa  certain  thuughtt:  about  the  object,  vtu. 


PiO.  Hi), -Orimp  o(  ci>tli  In  oonnMnlim  with  snlnrinr  roOM  if  urinal  ntrrrn.  ■■  arm  In  ir«n» 

Ti-tw  ■pclliin  n(  urilnar  coTtl  of  iitKwp  inRi'T  Tllrit  nnrl  [Irani  .(.  pDipncpDw  (4  BBIi-rlBr 
ni-iu  ffiiiii  Hrjw  ninirt-r  ;  a.  ft,  b.  mIIh  conuLfii-d  (loili  vltli  oaeli  otbi-t  »u.l  «IIU  niwt*  ot 
ftDirrliir  rouu. 

Now.  in  roality  this  is  very  complex,  though  it  can  he  ana- 
lyzod  into  its  fnctors.  Thus,  afferftnt  nerves  ore  cnnccmiwi.  the 
Kpiiiftl  cord  as  a  reflt'x  oontor.  ffTtTi'iit  iiorvos  to  tho  muscles 
calk-tl  into  action,  the  cord  as  a  ronductoi'  uf  inipulsps  whifh  re- 
sult in  sensatinna,  emotions  and  tbouKlilK  rpfomble  to  the  brain ; 
m  that  if  we  would  gras])  the  statQ  of  affairs  it  is  of  impnrtaiicv 
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to  so  combine  the  various  processes  in  our  mental  cooooption 
that  it  shall  in  our  miDtls  fortu  that  whole  which  correspoods 


na.M. 


na.  S4». 


-dvtotofi  of  a  ni'-U'Wr  nrrrr  tltnT.  taii  rorkirf]unlr«(lon  of  \1a  fjtmiu:hf4  *1Ih  hiehl^ 

_. — u.- -  1  lit  Iwi- iMT«i'Jv!l«  fniiii  iipliiiil  p.inlorox.    I  •  l.'Jl.    lAflir  Oi-rliu-h.l 

->  HL— KiUDiiolu'  iniiicli""  "H  'n>ni  ani-rlirr  tcnir  iniuler  of  nfiUiiLl  ciinl  of  <ix  Isflcr 
Ddtnai.    It,  axil  cjliaairr  proam ;  b,  tinnrhod  pron^va. 


with  nntiire.  as  wt-  haw  boon  inxiHtin^  ui>on  in  the  last  chnptoT. 
With  this  admonition,  and  assuming  a  good  knowleilge  of  tlic 
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Koneral  and  minute  Anatomy  of  the  spinnl  cord,  ttc  shall  pro- 
ceed to  (liscusn  it«  fuiiclioiiit; 


The  Reflex  Functions  or  the  Spinal  Cord. 

Thfi  follovrinfi  espGrimt-ntal  oliBfPvationB  may  rpadily  be 
made  by  thn  student  hiQisclf:  I^et  a  decapitated  frog  he  rus- 
pendcd  freoly  (from  the  lower  jaw),  II  liaiififH  motionleKi  and 
Umji  «t  iirrtt,  but  when  it  rerovr-rs  from  thu  shock  (abolition  oti 
funrlioii)  to  ilie  spiiiul  cord  priHlucitl  by  l\w  operutiiiu,  it  may 
bo  shown  that  this  orguu  is  fuuotioual :  1.  Wtiou  a  piece  of 
bibulous  pupL-r  dipptnl  in  diIuU^>  atdd  is  placc-d  upon  tlif  thif^b, 
the  leg  is  drawn  up  and  wipes  away  tliL-  o3'ending  body.  2,  If 
the  paper  be  placed  cm  the  anus,  both  legs  may  be  drawn  np, 
cither  succeasively  or  simultaneously.  3.  If  tlie  leg  of  one 
side  l>e  allowed  to  hang  in  thu  dilute  acid,  it  will  be  withdrawn. 
4.  If  a  small  piece  nf  blotting-paper  dipp<id  in  tin-  nt-id.  t»ej 
plocod  on  the  thigh,  and  tlu^  kig  of  that  side  gvutly  htdd,  the 
other  may  bo  drawn  up  and  romove  the  object. 

It  may  bu  noticoii  lliut  in  every  case  a  cvrtain  interval  of 
time  ekpaes  before  the  result  follows.  Upon  increasing  the 
Btrength  of  the  acid  very  much  thia  interval  is  Bhortened,  and 
the  number  of  groups  of  muscles  called  into  action  is  increased. 
Again,  the  result  is  not  the  same  in  all  resperti<  when  the 
noTve  of  the  leg  is  directly  stimulate),  as  when  the  skin  firBt  | 
receives  tlio  impression.  Section  of  the  nerves  of  the  imrts 
abolishes  these  effects;  sio  also  does  destruction  of  the  spinal 
cord,  or  the  (wirt  of  it  with  which  the  nerves  of  the  locuHlivs 
stimidated  are  connected ;  and  more  exact  experiments  show 
that  in  tbu  absence  of  the  gray  matter  the  section  of  the  pos- 
terior or  anterior  roots  of  the  nerves  also  renders  such  mani- 
festations as  we  have  been  describing  impossible. 

These  experiments  and  others  seem  to  show  that  an  afferent 
nerve,  an  efferent  nerve,  and  one  or  more  central  cells  are 
iiocessary  for  n  reilex  action  ;  that  the  latter  is  only  a  iK-rfoi^tly 
0o-ordinat4^td  one  when  the  skin  (end-organs)  and  not  the 
nerve-tnmks nre  stimulated;  that  therft  is  a  latent  peiiotl  of 
stimulntinii.  fuggesMng  a  central  "summation"  of  impulses 
necessary  for  tin-  eff'-ct;  that  the  reflex  is  not  due  to  the  mere 
passage  of  impulses  from  an  ulterout  to  nn  efferent  nerve 
through  the  cord,  but  implies  important  processes  in  the  cen- 
tral cells  themselvi-H,  The  latter  is  made  further  evident  from 
the  fact  that  (1)  strychnia  greatly  alters  redex  action  by  short- 
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ening  ilie  latent  period  aivl  extending  the  ranRe  of  miiRCiUar 
action,  which,  it  haa  been  ohown,  in  not  due  to  changes  in  the 
nerves  thomwlves.  A  very  slight  .stimuluH  suflicas  in  this  iii- 
^Mancu  tu  muw  tht>  whole  Ixxly  ot  a  'K-capittvtH  frog  to  pass 
Into  a  t«taiiii;  spasm.  WV  must  suppuso  that  tbu  procestiea 
usually  confined  to  certain  grouiw  of  (.iMitml  cells  have  in  anch 
a  case  involved  others,  or  that  the  "  n-aifitance"  of  the  centers 
of  the  curd  haa  heen  diminished,  so  that  many  more  cella  are 
now  involveil;  hence  many  more  muscloH  cftllwl  into  action. 
Normnlly  thero  is  resistnncii  to  thu  passugo  of  an  impul!^>  to  the 
op|X)«it4^<  side  of  th«  cord,  us  is  shown  by  the  fact  that  nrhen  a 
Blight  stimulus  is  ap])liud  to  the  leg  uf  one  side  the  reflex  is 
anlinud  to  this  raeniber. 

It  is  evident,  then,  that  the  reflex  reinilting  in  dependf'nt  on 
(I)  the  location  of  the  stimnlu.-*.  ('.i)  it«  inti.-iisity  and  duration, 
(:t)  ita  uhnract<.-r.  and  (4)  thi-  conditiun  of  the  spinal  cord  at  tho 
tima  Occasionally  on  irritating  ouo  foro-limb  thu  ojiposito 
hind  one  answers  roflcxly.  Such  is  a  "crossed  reflex,"  and  is 
the  mora  rundily  induced  in  ftnimiils  the  natural  gait  of  which 
jToh'i-s  the  use  of  one  fore-leg  and  the  opposite  hinddimb 
'together. 

Reflexes  are  often  apoken  of  as  purposive,  and  suggeiit  at 
first  intelligence  in  thp  cord ;  but  such  phenomena  are  explained 
readily  enough  without  such  a  strainoi)  assumption. 

Evolution,  hfrtility,  aufl  th«  law  of  habit, apply  here  as  else- 
where. The  relations  of  nu  ntiimal  to  it«  environment  must 
nv«essarily  call  inlu  play  certain  ui^rvo-muscular  Tm*chanisms, 
which  from  the  law  of  habit  come  to  act  together  when  a 
Lfltimulus  is  applied.  Naturally  those  that  make  for  the  welfare 
Fof  the  animal  are  such  as  are  most  used  under  the  influence  of 
the  intelligence  of  the  animal — i.  e.,  of  the  domination  of  the 
higher  cei-ebral  centers,  so  tliat  when  the  latter  aro  removed  it 
in  but  natural  that  the  old  mechanisms  should  be  still  employed. 
Moreover,  the  reflex  movements  are  not  always  beiieiicial,  as 
when  a  decapitated  anake  coils  itself  around  a  hcutt>d  iron 
under  reflex  influence,  which  is  readily  enough  understood  if 
we  remember  the  habit  of  coiling  around  objects,  and  what 
thin  involvftS— viz.,  organized  tendencies. 

Inhibition  of  ReBexM.~It  can  be  shown  in  the  case  of  a  frog 
that  »tilt  retains  its  optic  lobes  and  the  parta  of  the  brain  pos- 
terior to  them  that,  when  these  are  stimulated  at  the  same  time 
aa  the  leg.  the  reflex,  if  it  occurs  at  all,  is  greatly  delayed. 

On  the  other  hand,  in  the  case  of  dogs,  from  which  a  part 
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of  the  cereTiral  cortex  hss  been  removej,  the  reflexes  are  mach 
more  prominent  than  before.  Experience  teaches  uh  that  the 
acts  of  defecation,  micturition,  erection  of  the  penis,  and  many 
othurs,  are  susceptible  of  arrest  or  may  be  prevented  entirely 
whoii  the  usual  stimuli  arc  still  active,  by  eniotinnti,  etc. 

These  and  iiumoroiitt  other  ftvcts  tend  to  show  that  the  higher 
centers  of  the  brain  can  control  the  lower;  and  it  i»  not  to  be 
doubted  that  pare  refloxcx  during  the  vrakiug  huiirii  of  the 
higher  animalK,  and  espw^inlly  of  man,  are  much  loss  numerous 
than  among  the  lower  vertebrates.  The  coni  is  the  servant  of 
thu  brain,  and  a  faithful  and  obedient  one,  except  in  cases  of 
disease,  to  some  fonng  of  whicli  W(*  have  alreft<ly  referred. 

Certain  recent  oxporimt'nts  aliow  in  the  clcurt-al  way  how  the 
conditions  of  the  central  ner%'o(!8  system,  and  especially  in  the 
first  instance,  the  brain  determines  the  reflex  time  to  which  we 
nhall  preaently  refer:  thus,  among  other  influences,  music  and 
even  difTerent  airs  greatly  alter  the  relle-x-time,  and,  indeed, 
the  whole  character  of  the  act  (t*ndon-reflex). 

It  is  not  to  ho  supposed,  however,  that  the  proc««08  that 
are  clearly  oerebnil,  and  which  modify  normal  reflexes  wa 
greatly,  are  all  of  the  nature  of  inhibitions,  or  that  they  are 
at  all  fully  understoixi.  Tlit-y  are  unquestionably  very  complex 
in  nature,  and  probably  too  intricate  to  be  completely  un. 
raveled. 

B«flex  Time. — One  of  the  most  satisfactory  methods  of  ascor- 
tainttig  the  length  of  time  a  reflex  act  occupies  is  the  follow- 
ing: Let  an  electric  stimulus  be  applied  to  one  of  the  eyelids, 
whereupon  both  blink.  The  whole  interval,  minus  the  latent 
period  of  the  orbicularis  muscle  and  the  time  occupied  in  the 
transmission  of  the  necessary  nervous  impulses  over  the  nerves 
concerned  (the  fifth  and  facial)  to  and  from  the  centers  involved 
(medulla),  gtvt^tfi  the  duration  of  the  processes  in  the  brain-cells, 
The  whole  jieriod  in  one  instance  was  •Ot>C2  seconds,  which,  re- 
duced 08  indicmtod,  gives  "0555  as  the  time  required  for  the 
changes  that  take  place  iu  Ihe  brain-cells. 

It  will,  of  course,  be  understood  that  at  beat  thette  figures 
are  but  an  approximation,  owing  to  several  possible  sources  of 
error;  also  that,  as  has  been  already  stated,  the  actual  perioil 
varies  with  the  condition  of  each  subject  at  the  time  of  ex* 
periment,  not  to  mention  the  variations  for  individuals  and 
groups  of  animals.  In  the  instance  chosen  the  brain  itself  was 
the  center  involved,  but  the  flame  law*  apply  to  llio  rullex 
mechanisms  of  the  cord. 
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Thr  Spinal  Cord  as  a  CNinductor  of  Ihpulsbs. 

Before  oom^ideriiig  tho  renulls  ftrrived  nt  in  this  couiiccUoo, 
some  brifif  Rwomit  of  tho  mvthnils  Appliod  in  tho  iiivc&ti^tioa 
of  the  subJM-t  is  callixl  for,  to  c-imblc  tbo  stiiiloot  to  apprucinte 
tliPir  difBciiltii's  nml  possiblu  fiillucuti!.  a*  wull  as  tmcb  pounds 
of  certainty  as  thoro  may  bo  for  tho  coiiclusions  reached. 

Three  or  four  methods  of  r(>Hettrch  have  been  employed:  I. 
S'K'tinns  of  the  spinal  cord  of  varyiii^f  extent,  both  unilateral 
and  bilateral,  tn  estimating  tho  value  to  be  attached  to  tho 
symptoms  following,  the  difficultios  in  limiting  the  seotion.  the 
interference  of  hfpnioprhage,  the  inevitable  results  of  oporativo 
shock,  and,  as  in  all  experinionts  on  the  norroos  syitteni  of  ani- 
mals, tho  dangor  of  misiutorpruting  tho  symptoms,  must  be 
giveti  due  weight,  i.  Attempts  have  boon  made  to  determine 
the  course  and  relations  of  nerve-fibers  by  ascertaining  the 
order  in  which  the  different  portions  of  the  spinal  nerve-fibers 
receive  their  investing  myelin,  those  with  the  longest  course 
being  the  latost  to  be  thus  completed.  This  is  the  method  of 
Flechsig,  who  has  mapped  out  the  cord  into  a  series  of  culumns, 
to  be  refern-d  t<.i  again  presently.  Tho  mothud  i»  open  to  tho 
objection  of  all  anatomical  oncs^  It  Is  u  remarkablo  fact  that, 
by  strictly  phygiological  methods  (i.  e.,  ascertaining  the  function 
of  parts),  nervous  tracts  have  been  traced,  which  were  quite 
unsuspected  as  the  result  of  anatomical  investigation  alone, 
leverthelesfl,  this  method,  taken  with  others  now  under  con- 
leration,  has  rendered  important  service.  3.  Following  npon 
MtperimentJil  section.'*,  as  well  as  in  consequence  of  certain  dis- 
«uo«  in  the  brain  and  cord.flbors  have  been  found  todogonornt« 
along  cert4iiu  definite  ])aths,  owing,  it  is  bulioved,  to  being  cut 
off  from  their  trophic  centers;  so  that  if,  after  aection  of  the 
cord,  there  is  degeneration  of  fibers  downward,  it  is  inferred 
that  the  trophic  cells  lie  above  the  seat  of  degeneration  and 
the  reverse.  This  may  be  railed  the  pathological  (Wallerian) 
method,  ami  in  conjnnction  with  clinical  evidence  ha.s,  in  the 
caae  of  man  especially,  boon  tho  chief  source,  perhaps,  of  our 
knowledge  in  regard  to  tho  conducting  paths  in  tho  human 
coni :  though  othtT  methods,  as  carried  out  in  tho  lower  ani- 
mals, have  yielded  results  which  have  bpen  supplementary  and 
corrective;  and  in  truth  a  variety  of  means  must  be  employed. 
and  the  great«et  caution  observed,  or  the  inferences  drawn  will 
be  partial  if  not  actually  erroneous. 

It  is  to  he  carefully  borne  in  mind  now,  and  when  studying 
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llie  brain,  thai  a  comluctinR  path  iu  t.h«  n«rvou«  center*  is  not 
fiyuoiiymous  with  coiiductiitg  fibers.    The  cpIU  themst'lvps  and 

the  neuroglia  probably  are  also 
conductors.  We  shall  now  eti- 
denvor  to  map  out,  as  estab- 
lished  by  the  method  nf  Kleeh- 
sig,  Waller,  and  others,  the 
main  fibor  tracts  of  the  spiunl 
cord, 

I.  Antero- median  Column* 
{column*  o£  TOtxrk).  Theso 
probably  decussate  in  the  cerv- 
cial  region,  where  they  are  most 
markcil,  constituting  the  direct 
or  uncrossed  pyramidal  tract, 
and  dixnppoar  in  the  lower  dor- 
sal TVgion. 

Secondary  dog<>uer»tion  en- 
sue* iu  theso  tracts  upon  cer- 
tain brain-lesiouR,  in  tho  motor 
regions. 

a.  Crossed  Pyramidal  Tracts. 
— They  jiass  forward  to  form 
part  of  tlicaiiterior  pyramids  of 
tho  nictlullii  nftor  df^cussation 
in  thoir  lower  part.  Similarly  to  tho  iir*t, degunoratiou  foilowa 
in  these  tracts  whon  theru  uru  bruiu-lesiuns  of  the  motor  arc 
Hence,  both  of  theso  constitute  descending  motor  paths. 

.3.  Anterior  Fasciculi  (fundamental  or  ground  bundle). — 
They  possibly  connect  the  gray  matter  of  tho  cord  with  that  of 
the  medulla. 

4.  Anterior  Radicular  Zones,  in  the  anterior  part  of  the  lat- 
eral column, 

ft.  Mixed  [jaleral  Columns. — Those  and  the  preceding  are 
functionally  similar  to  .1.  Noither  3,  -1,  nor  5  degenerate,  on 
section  of  the  cord,  from  which  it  is  inferred  that  they  hnve^ 
trophic  cells  both  abovi-  and  below. 

fl.  Direct  CfrfMtar  7>¥w/».— Those  bundlus,  passing  by  the 
funiculi  graciles  or  po.-iitcriur  pyramids  of  tho  medulla,  rifKh 
the  cerebellum  by  its  inft-rior  peduncles. 

These  fasciculi  enlarge  from  their  site  of  origin  in  the  lum- 
bar cord  upwani.  .i\fter  wtction  of  the  cord  they  show  ascvnd^ 
log  degeneration,  so  that  it  seems  probable  that  their  trophic 
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cells  aro  to  be  rBferred  to  the  posterior  ffray  comua  of  the  oord, 
which  they  coiineol  in  »U  probability  with  the  c«robf^lltiiii. 

7.  Colunnts  of  Burdach  (postero-lateral  colunms). — This 
tract  is  connected  with  the  restiform  bodies  and  renchcK  thu 
cerebellum  by  the  inferior  pedunclpB.  Secondary  (U-genor&- 
tioos  du  not  occur  in  these  fasciculi,  so  that  it  sH?in.t  likely  that 
they  connect  nerve-cells  at  different  levels  in  the  i-tird ;  und 
they  may  also  connect  the  paiterior  gi'ay  cornua  with  thv  ciirv- 
bellum  as  R. 

VotuiHiiJi  of  OoU  (postero-medimi  columns). — Thoy  do  not 
extend  beyond  the  lower  dorsal  or  upper  lumhar  rt-igion;  and 
their  Sliers  pastt  to  the  funiculi  grnciles  of  llie  miKlulIa.  As- 
cendiutc  <legeneration  follows  section  of  thiuui  columns. 

The  dvguncrations  rofcrrud  tu  ubuw  aru  vi»ible  by  the 
microscope',  ami  of  thi<  characU'r  followinK  itection  of  nerves. 
It  iM  probable  that  tht^y  are  the  later  stages  of  n  primary  mo* 
leculiir  dfrfuiyt^inent  iu  consetjuencp  of  i ntiirfereace  with  that 
cuutinuoiis  functional  connection  between  all  parta  on  which 
what  has  been  called  nutrition,  bat  which  we  have  shown  is 
hut  a  phase  nf  a  complex  metabolism,  depends. 

OwTUuUoii. — 81'etions  of  the  cord,  wlit-n  conlim^i)  to  one  lat- 
eral half,  are  followefl  by  paralysis  o»  tiio  8«niu  .■'ido  and  loss  of 
sensation,  ronfineii  chietiy  to  the  oppositu  half  of  tho  body  be- 
low thr  point  !.>(  section.  The  rcsulttt  of  exfifrimcnt.  pittho- 
lofjical  investijpition,  etc.,  have  rondcrod  it  cloiir  that — 1.  The 
groat  majority  of  tho  fibors  passiuK  butwucn  tlu>  periphery  and 
the  brain  dectissnte  somowhi^re  io  thu  cvnlfnt.  i.  AfFiTi'nt 
6ber8  cross  almost  directly  but  also  to  some  extent  along  the 
whole  length  of  the  cord  from  their  point  of  entrance,  the 
decuBsatton  beinff,  however,  comjileted  before  the  medulla  is 
passed.  S.  Motor  or  efferent  fibers  decussate  chiefly  in  the 
medulla,  though  crossing  is  continued  some  distance  down  the 
cord,  such  latter  fibers  bfing  but  a  smnll  portion  of  the  whole. 
This  fact  is  h^st  ostabli.shed,  perhap.s,  by  noting  the  results  of 
brain- Iesion.1,  With  few  exceptions,  susceptible  of  explanation, 
a  legion  of  one  side  of  the  cerebrnm  is  followed  by  loss  of  nuition 
of  the  oppositii  sidt;  of  the  body.  Thcj^o  an;  all  central,  welU 
fMtablished  truths.  It  is  also  now  pretty  well  determined  that 
voluntary  motor  impulses  dt-sci-nd  by  the  pyramidal  tracts, 
both  the  direct  and  the  crossed.  Tlmt  the  posterior  coluums  of 
tliB  cord  are  in  some  way  concerned  with  sensory  impulses 
there  is  no  doubt;  but  when  an  attempt  is  mode  to  decide 
details,  great  difficulties  are  encouutered.      Elxperimunts  on 
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nnimalB  are  of  n»c«fisity  very  unsatisfactory  in  sneb  a  caso, 
rruiii  tlip  difBculty  experienced  in  aiiicertaininR  their  sensa- 
tion!* nl  any  time,  and  eaperially  when  disordered. 

PathologioftL — A  gnmi  deal  of  »tre«8  haa  been  laid  upon  the 
teachings  of  locomotor  ataxia  in  the  human  subjects  The 
symptoms  of  this  disease  are  found  associat^l  with  lesions  of 
lla-  posturior  columns  of  the  cord.  The  essential  feature  is  nii 
inability  to  co-onlinnto  niovometits,  though  inuscninr  i>owcr 
may  be  unimjmirud.  But  such  inc«)-ordiiiHtioti  i»  not  usually 
the  only  syniptom;  and,  vhilo  tlio  disouMO  ttoemit  usually  to 
be^n  in  Bunlaeh's  columns,  the  columus  of  Goll,  the  posterior 
nerve-roola,  and  even  the  cells  of  the  posterior  cornua,  may 
be  involved,  bo  that  the  subject  becomes  very  complicated. 
Co-ordination  of  muscular  movementB  is  normally  dependent 
upon  certain  afferent  sensory  impulses,  themselves  very  com- 
plex.   It  is  to  bo  rcmombored  also  that  there  are  nuiiiberlees 
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FlO,  WT.—Dllitmn  M  lUuMraW  prolatila  counk>  lalmn  bf  llbn*  of  UBrTB-KKiu  od  CBlartiiK 

tliluU  cnni  ISvliUm 


eoQDOCting  links  betwi<on  the  two  sides  of  the  cord  and  be- 
tween its  different  columns  of  au  anatomical  kind,  not  to  men- 
tion the  possibly  numerous  physiological  (functional)  onm. 

We  have  stated  above  that  section  of  one  lateral  half  of  the 
cord  is  followed  by  loss  of  sensation  on  the  opposite  side  of  the 
body ;  but  directly  the  contrary  has  been  maintained  by  other 
observers ;  while  still  others  maintain  that  the  effects  are  not 
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oonRned  in  nne  side,  though  mnnt  pronounced  on  tlie  side  of  tlio 
section.     The  same  remark  applies  to  niotion. 

While  thore  is  considernble  ajrreement  a»  to  the  pyrainidiil 
tracts  of  tlio  lateral  column,  the  fimetitiit^  of  the  rnst  nf  tIi«Mt« 
divisions  of  thu  cord  are  by  no  luonne  vfell  oatiiblishi-il.  It  U 
puKsible  that  vasomotor,  respiratory,  and  prolMilily  oth*T  kinds 
of  impulsL's,  pa8s  by  portioiui  of  tbo  latitral  tract)(  otbur  tlian 
tbu  crossed  pyramidal.  Wh«n  a  latural  half  of  the  cord  is 
dirided,  thu  loss  of  function  is  nut  permanent  in  all  instances, 
bat  has  been  recovered  from  without  any  reKenenttion  of  the 
divided  fibers ;  and  even  when  a  section  has  been  made  higher 
up  on  the  opposite  side,  jmrtial  recovery  hns  a^ain  followed: 
so  that  it  would  appenr  that  impulses  had  pursued  a  zigzag 
oourM  in  such  coses.  Vfti  do  not  think  that  such  experiments 
show  that  impulses  do  not  usually  follow  a  deflnito  course,  but 
that  thu  rusourivH  of  naturo  are  giiiit,  and  that,  when  one  tract 
■  is  not  available,  another  is  takuu. 

H  It  is  plain  that  impulsus  do  not  in  any  caeo  travel  by  one 
H  and  thu  same  nurve-fibur  throughout  the  curd,  fur  the  size  uf 
^^■Aifl  organ  does  not  permit  of  such  a  view  being  entertained; 
^  at  the  same  time  there  is  a  relation  butwuen  the  size  of  a  cross- 
section  of  the  cord  at  any  one  point  and  the  number  of  nerves 
connect«d  with  it  at  that  region. 
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I   rnniBi    t  muiI  itausu  Trri  vn  ii  t  it  m  u  I  tui  tu  >i  >   i*  m  ii  I 
Sooral.        Lvmbar.  nmia'.  Ccrvfeal. 

fu.  M&— DIacimm  to  ntiiwmti-  rrlallrr  aiut  nliaoliilr  ritrnl  "t  n  i  gnt;  mftTWr.  IS)  •rhil*  eel- 
mnfltf  lUMOCfBtftv  k.-ot]r>iiuL  ATvuM  -jf  »piQii]  oitrd,  anil  i.^i  nrcEloDii]  arwiiof  iKWrftI  nct^iy 
nMi  anliiHiut  ocml-  SK,  oviia-r-^'iti :  AC  I-''.  1^'.  Bniprlur.  lateral,  poucrlor  coluiDu: 
(It,  (ray  niBtlar(aft«r  SvtuUor.  Luilwljt.  ami  WaruH^hlluff  t. 

Wo  may  attempt  to  trace  the  iiath?  of  impulses  in  the  cord 
somewhat  as  follows:  I.  Volitional  impulses  decussate  chiefly 
in  the  medulla  oblongata,  but  also,  to  sume  extent,  throughout 
the  wliole  length  of  the  )<pinat  cord.  They  travel  in  the  lateral 
culuiiinH  (crossed  pynimidal  trucle  chiefly,  if  not  exclusively), 
and  eventually  reach  the  anterior  roots  of  the  nerves  through 
the  anterior  gray  cornua,  passing  to  them,  possibly,  by  the  ante* 
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rior  columns.  From  Iho  cells  or  tliu  mitcrior  cornus,  iiupolses 
travol  by  the  untorior  iiervt-roots  to  thu  luulur  niTvcs,  by 
whicli  cuiintictioii  i!<  tiiadf  vrith  the  niUKcIos.  i.  Sensory  im- 
pulstiS  eotur  thu  oord  frnm  the  ufF«n>iit  uerru-Hbcrs  by  the  pos- 
terior nervo-roots,  pusHin^  probably  by  tbo  [Hisl^vior  coIumnB  to 
the  posterior  curium,  thence  to  the  lateral  columns,  decnst^tioa 
being  largely  immediate  though  not  completed  for  some  dis* 
tance  up  the  cord. 


LOWEB  LIMIT  OF 
HEDUUJt 


Ftu  S4n.-I>tiurrHinii>iriwlnKnnin»of  nbfnln  uptniilcrirdiAfMrHaaiwf ).  I.  I'.dlroct  Mtunl' 
>UI  III inO I'll :  V.  v.  crvwil  itrnunldal  Ixiudlo*.  (tmiiHtiliiR  In  mrdiilla;  »,  n'.  illivO 
nrvbrllikr  fliifn :  4.  C  alien  t«Uia)  to  "  mmcuUur  riiiv."  ilpnimllniT  In  iiiriliilM  ;  i.  X'. 
Anrl  ^,  U  i1ih-f->  riiiuti'^l  III  tUr  A]i|iniL<iAtfciQ  of  touch.  (Willi-  and  Icnipfmiur*.  Ttip  md^ 
biimlti-- J .  [  .  L  ■  .1  I.J1.HI  !li,.m  Ui  nTimnml  lh(^  ni.'tiii  will  of  (lu- ci'Fi!  iBBirdiirliiinii. 
iiiHi-  ihiii  '  I  \iWrt  r^^a}f  fnini  Uir  AUtfTl<ir  iu'ni<  nnii  in.  r-i,  iu;i1  Ifiiil  i^m  ftvHory 

Inuidln  }LhbiL  .11  Llii:  luuerlor  iH^rrcrooI  li>.  ri.  •hli^li  hru  a  g»ii|[liOD  UI'  upou  U, 


It  TTOulJ  seem  that  the  lateral  columns  ore  the  ^^t^at  high- 
ways of  impulsr-s;  though  in  all  instancws  it  i»  likely  ibul  tin." 
gray  matter  of  the  cord  plays  an  important  part  in  modify- 
ing them  iMifori'  they  reacli  their  destination.    Some  observers 
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believe  that  senoory  impulHOs  fnvtng  rise  to  pai'o  travel  by  the 
gmy  matter  of  the  rorrt  almost  exclusively.  It  would  be  easy 
to  lay  out  the  paths  of  impulses  iu  a  more  definite  and  dog- 
matic manner:  but  the  evidencp  does  not  seem  tn  wnrnint  it, 
and  it  is  better  to  iivoid  makii)f(  statementt*  that  may  require 
serious  mtxlifinition.  to  sny  tln^i  Uyt»t,  in  ii  few  raontliH.  The 
prominent  principle  to  tiear  iu  mind  8«^'um)i  to  be  that  while 
there  an?  tracts  in  the  cord  of  the  uuimal»  that  have  bpeti  exam- 
ined and  probably  of  all  that  havt?  well-formi'd  spinal  (-ords, 
along  which  impulses  travel  more  freiiufntly  and  ifadily  thun 
along  others,  it  is  equally  true  that  these  paths  are  not  Invaria- 
ble, nor  ai'e  they  pi-eniaely  the  same  for  all  groups  of  nnitunli>i. 
The  conl  can  no)  be  consideritd  indiipondi/ntly  of  the  brain :  and 
there  oan  1)0  no  <luubt  that  the  paths  of  impulses  in  tlio  former 
are  related  to  thi-eouBtitution.  anatomical  ami  physiological,  of 
tliu  latter.  It  is  still  a  matter  of  dispute  whether  the  cord  is 
itself  irritable  to  a  stimulus.  As  a  whole  it  is  without  doubt ; 
as  also  the  white  matter  by  itself.  The  gray  matter  is  certainly 
conducting,  but  whether  imtable  or  not  is  still  doubtful.  Why 
the  sensibilily  of  thi-  side  of  the  bo<iy  on  which  one  lateral  half 
of  the  conl  has  bwn  divided  slii.>ul<l  be  increased  (hypcrawthv- 
ain).  is  also  undetermined.  Possibly  it  is  duo  to  a  tumimrary 
disturbance  of  nutrition,  or  the  romoviil  of  curtain  usual  inhibi- 
tor}' intluL'ucL's  fi-om  above,  either  in  the  cord  or  brain. 


Tub  Automatic  Functions  op  the  Spinal  Cobd. 

Reference  has  btien  alruady  made  to  the  fact  that  when  por- 
tjoos  of  a  mammal's  cerebrum  are  removed  the  reflexes  of  the 
,  oord  l»ecom«  more  pronounced,  owing  apparently  to  the  removal 
of  inHueneas  operatiuj:  on  tbe  cord  from  higher  centers. 

When  the  cord  itsulf  is  oompletely  divided  across,  it  often 
happens  (in  the  dog.  for  example)  that  there  are  rhythmic 
movunn'nts  of  thf  posterior  extremities — i,  p.,  when  the  animal 
has  recovered  from  the  shock  of  the  operation — that  part  of  the 
cord  now  independent  of  the  rest  and  of  the  brain  seems  to 
manifest  an  unusual  automatism.  The  questifin,  however,  may 
bo  raiseil  as  to  whether  this  is  a  purely  automatic  effect,  or  the 
result  of  reflex  action.  But,  whichever  view  he  entertained, 
tlioso  phenomena  eerljiinly  teach  the  <lependence  of  one  part 
upon  another  in  the  normal  animal,  ami  should  make  one  cau- 
tious in  drawing  conclusions  from  any  kind  of  experiment,  in 
regard  to  thu  normal  functions.     As  wo  have  often  urgcid  IQ 
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the  foregoinif  chapters,  what  a  part  may  under  cortajn  circum- 
stances nmnifest,  and  what  its  behavior  may  be  as  u»uu11y 
plac«(]  in  its  pmijer  relations  in  the  body,  are  ontiri'ly  tlilfurent, 
or  nt  least  may  be.  When  one  leg  is  laid  over  the  other  and  a 
sharp  blow  struck  upr>n  the  pitt^lla  tciidoti.thc  teg  is  jerked  up 
in  obodionce  to  muscular  contraction.  It  is  not  a  little  ditlicult 
to  dett>nuin(!  whether  this  result  m  due  to  dirwt  etimulmiou  of 
the  muscle  or  to  reQex  action,  the  first  link  iu  the  chain  of 
events  necessary  to  call  it  forth  ori^nn^tinR  in  the  tendna; 
Lenco  the  t*rm  tendon -reflex.  But  at  present  it  is  .lafer  to 
sputtk  of  it  as  the  "kMw-jcrk,"  or  the  "  t«ndon-phenon)CQon." 
It  disapptiarx,  hoWLiver,  wIikii  the  spinal  cord  la  destroyed  or  Is 
diseased,  as  in  locomotor  ataxia,  ur  when  the  nvrven  of  the 
muscles  or  the  posterior  nerve-roots  are  divided,  showing  that 
the  integrity  of  the  center,  the  nerves,  and  the  muscles  ai-e  all 
essentinl.  There  are  nonutiUy  many  such  phenomena  (reQexes) 
Iwsidcs  the  "  knee-jerk." 

Auothur  question  very  difficult  to  decide  is  that  relating  to 
the  usual  condition  of  the  muscles  of  the  living  unimal.  It  is 
generally  admitted  that  the  muscles  of  the  body  are  all  in  a 
somewhat  stretched  condition,  but  it  is  not  so  clear  whether 
the  skeletal  muscles  are  under  a  constat  tonic  influence  like 
those  of  the  blood-vessels.  It  is  certain  that,  when  the  nerves 
going  to  a  set  of  mu.scles  are  cut,  when  even  the  posterior  roots 
of  the  nerves  related  to  the  part  iuvolved  are  <lividfd  or  the 
Bpinal  cord  dustroyud,  thcrt.''  is  an  unusual  flaccidity  of  the 
limb  involved.  But  the  natural  cundition  may  bt<,  it  has  boon 
suggested,  the  result  of  reflex  atrtion.  The  subject  is  pruhahly 
more  complex  than  it  has  hitherto  been  considered. 

The  fa4;ts  of  such  a  case — those  of  the  tendon-phenomenon 
and  similar  ones — woiiI(]  he  better  understood  if  the  spinal 
cord,  the  uerves,  and  the  muscles  associated  with  them,  were 
regarded  as  parts  of  a  whole  so  connected  in  their  functions 
that  severance  of  any  one  of  them  leads  to  disorder  of  the  rest. 
That  the  celts  of  the  cord  are  constantly  exercising  an  influence 
through  the  nerves  on  the  muscles,  while  they  in  turn  do  not 
lead  an  independent  existence,  but  are  as  constantly  influenced 
by  afl'ereni  impulses,  ntnl  timt  one  of  the  results  is  the  condi- 
tion of  the  muscles  referred  to.  is,  we  are  convinced,  the  case. 
To  say  that  it  is  either  entirely  automatic  or  purely  reflex,  or 
that  the  whole  of  the  facts  would  be  cuvei-ed  even  by  any  com- 
bination uf  these  two  processes,  woulii  pif)bftl»ly  1k'  unjuctifi- 
ohlu.  The  influence  uf  .the  centers  over  llie  metabolism  of  parts 
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is  both  coDBtant  mud  pssontial  to  their  wcll>being;  and  lu  such 
a  case  bs  tliiit  tiuw  cuiisUlured  it  tiiay  Tiu  tliikt  a  certain  Uvgrue 
of  tonus  is  normal  to  a  healthy  musolu  iu  iti>  iiutural  surroand- 
ings  in  the  body. 

There  in  now  considerable  evidence  iu  favor  of  placing  ocr- 
Uin  centers  presiding  over  the  lower  functions,  as  niictnritiou. 
dofoctttiuu,  vn-ution  of  )ieai»,  etc.,  in  thf  .s)iiiiA]  cord  of  miiui- 
mals,  ecpecittlly  its  low^r  parl< — wbioh  cvntt^rs,  if  tlioy  bo  not 
auttHnatit;,  are  not  reflex  in  th«  usual  senso ;  but  their  L-onsidera- 
tioa  is  botter  attun)[it<Kl  in  connection  with  the  tri-(ttu)t.-nl  uf 
Uie  physiology  of  the  jtarta  over  which  they  presida 
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Special  Coksiderationb. 

Comparative. — Among  invertebrates  there  is,  of  course,  no 
spinal  cord,  but  each  segment  of  the  animal  is  enervated  by  a 
special  ganglion  (or  ganglia)  with  associated  nerved.  Never- 
theleina,  these  are  all  so  connected  that  there  is  a  co-ordination, 
though  not  so  pronounoud  as  in  the  vertebrate,  in  which  tho 
actual  btruL-tural  bond»  are  intlnituly  mom  numerous,  and  tho 
functional  ones  still  more  bo.  From  thia  reauU  possibilities  to 
the  vertebrate  unknown  to  lower  forms ;  at  the  same  time,  in- 
deiiendent  life  and  action  of  jrarts  are  necessarily  much  j-reater 
among  invertebrates,  as  evidenced  especially  by  the  renewal  uf 
the  whole  nuimal  from  a  aingle  segment  in  many  groups,  as  ju 
certain  divisions  of  worms,  etc. 

It  tdsu  follow!)  from  the  same  factA  that  u  vertcbratvd  ani- 
mal  must  suffer  far  more  from  injury,  in  consequence  of  thi« 
greater  dependence  of  one  |»art  on  another;  a  thousand  things 
may  disturb  that  balance  on  which  its  well-lieing.  inileed,  its 
very  life  hangs.  It  is  notireable,  mni-eover,  that,  as  animals 
occupy  a  higher  place  in  the  organic  scale,  their  nervous  sys- 
tem becomes  more  concentrated:  ganglia  seem  to  have  bi^n 
fused  together,  and  that  extn-me  massing  seen  in  tho  spinal 
cord  and  brain  of  vertebrnUw  is  fur^^-alimlowMd.  In  the  chapters 
on  tho  brain  numerous  illustrations  of  the  nervous  s>ystem  in 
lower  forms  will  be  found. 

Tho  fact  that  the  brain  and  cord  arise  from  the  wime  germ 
layer,  and  up  to  n  certain  iwint  are  developed  ahno^it  precisely 
alike,  is  full  of  signilicance  for  physiology  as  well  as  morphol- 
ogy. That  original  deep-lying  connection  is  never  lost,  thongh 
hmotional  differentiation  keeps  pace  with  later  morphological 
diflteentiatioo.    But  even  among  vertebrates  the  spinal  conl 
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Bhows  a  coRiplt'xity  ffnidimlly  iricrva»ing  with  aficent  in  t}]t> 
orgsnk  series.  In  tlu-  h^wt'i^t  of  ihu  tishL-s  or  verti^bratea  (Ant' 
fthioxua  Ianlxo^n^uJl)  thu  creuturo  possesses  a  spinal  cord  ouly 
and  ao  brain,  so  tbal  an  opportunity  is  afFordwl  of  witness- 
injc  how  an  animal  dcipoHs  itself  in  the  absonceof  those  direct- 
ive functions,  dependent  on  thu  existence  of  hifiher  rerebrnl 
oent«r8.  The  Laucelet  spends  a  great  part  of  ita  life  buried 
in  mud  or  Eiand  on  the  bottom  of  the  ocean,  and  its  existence  vi 
Very  similar  to  that  of  an  invertebrate,  though,  of  courso,  the 
di'iK'inK-»i-<*  of  parts  on  each  other  is  somewhat  grejitor, 

XvolDtioB. — According  to  the  general  law  of  habit  and  in- 
heritance, wi-  should  suppose  that  at  birth  <-9U'h  group  of  ani- 
innls  would  mnnirc-st  those  reflex  and  other  ruiiclions  of  the 
cord  which  were  jK-ctiliar  to  its  anct-stora.  Observation  and 
experiment  lioth  show  that  rcfloxos,  etc,,  are  hereditary';  that 
they  tend  to  become  more  and  more  so  with  etu'h  generation : 
and  at  the  same  time  that  habit  or  exercise  is  essential  for  their 
perfect  development.  They  stand,  in  fact,  in  the  same  relation 
as  instincts,  which  are  closely  connected  with  them.  Like  the 
latter,  they  may  be  modified  by  way  of  increase  or  diniinutioii 
am)  otherwise.  To  illustrate,  it  can  not  be  doubted  tlml  gallop- 
ing is  the  natural  gait  of  horses,  as  shown  by  the  tendency  of 
even  good  trotters  to  "break  "or  pass  into  n  gallop;  but  it  is 
fl(]ually  well  known  that  famous  trotters  breed  trotters.  In 
oth«r  wonis,  anacquiretl  gait  becomes  organized  in  the  nervous 
Hystem  (esiKtcially)  of  the  animal, and  is  transmitted  with  mon- 
and  more  fixity  and  certainty  with  the  lapso  of  time.  But  all 
ex[>erience  goes  to  show  thiit  walking,  running,  or  any  of  the 
muvenu'utd  of  animals  are,  whon  l^uUy  formed  as  habit- retlexes, 
dependent  for  their  iuitiation  on  the  will  in  most  but  not  all 
instances,  and  require  for  their  execution  certain  combinations 
of  senH<)ry  and  other  afferent  impulses,  and  the  integrity  of  a 
vast  i-umplex  of  nervous  conaoctiuns  in  the  spinal  cord. 

It  is  well  known  that  one  in  a  period  of  altsent-mindoduifiut 
will  walk  into  »  building  to  which  he  was  aerustomed  to  go 
yivint  befori'.  though  not  of  late,  showing  plainly  that  volition 
wiw  not  inonienlarily  ivquire<l  for  the  act  of  walking  and  all  else 
that  in  involved  in  the  above  behavior.  It  suggests  that  certain 
nervous  itnd  muscular  connections  have  been  formed,  function- 
ally at  hvutl.  Plainly,  thou,  we  should  not  expect  each  indi- 
vliiual  man's  spinal  cord  to  ho  the  srime,  but  that  the  aeries  of 
nieohanifimM  of  which  every  spinal  cord  is  niiule  up  slumhl  differ 
wMh  es|H'rivnii- ;  and  if  this  holds  for  individuals,  how  much 
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ittnre  Tnuft  it  lie  true  of  different  groups  of  aninials,  tlio  habits 
of  wliich  iliffer  so  widely  I  Elxperiment  lias  provc-d  this  also  so 
far  as  it  bns  gon<?;  hfnce  the  tp'eat  danger  of  laying  down  lawn 
fur  the  ftpinal  cord  from  the  investigation  of  one  animal  or 
even  onv  group.  Rt^ccnt  invefltigations  have  shown  tlial,  in 
persons  crippled  fn)rti  hirth,  or  for  long  periods.  rHflr-xes  which 
had  never  b«en  propi-rly  ii^tablt-thod  may,  as  the  result  of  opera- 
tive procedure,  becomu  possible  tliripugh  training.  It  lia8  also 
been  shown,  both  by  uxpiTimunt  and  I'liiiicnl  expfrioari'  of  th« 
kind  referred  to,  that  when  tvrtaiu  ivHl-xus  am  inip^Tfcftly  d*^ 
veloped  others  are  also  defvctive,  again  imprf.'ssing  the  im- 
loeof  that  balance  of  development  which  is  t-ss^ntial  to 
kith  or  the  normal  condition  of  an  animal.  This  subject  is 
very  wido.  of  great  pracrtical  importance,  and  deiserveiii  consider- 
ation boyond  what  our  limits  uf  »pn*P  will  allow. 

All  tho  facts  go  to  show  that  the  cord  i«  mndo  up  of  nervous 
mechanisms — if  wo  may  so  wpcak — which  are  naturally  associ- 
ated, both  structurally  and  functioiuilly,  with  cortaiu  uerves 
and  muBclM ;  those,  Hku  the  |mths  which  impulses  lake  to  and 

^from  the  brain,  though  usual,  are  not  absolutely  fixed,  though 
more  bo  as  rpHex  than  conducting  paths,  while  they  are  con- 
■tantly  liable  to  be  modified  in  action  by  the  conditioa  of 
Udighlmring  grou[>s  of  niei*bauiKm.s,  ct«. 
We  havti  Kui<]  Iv^s  about  tb<^<  gray  mattor  of  thu  cord  as  u 
oonducbir  than  its  imijortauce  perhaps  desurves.  It  is  believed 
by  many  that  impulsL-s  which  give  rise  to  sensations  of  pain 
always  travel  by  the  gray  matter;  and  there  is  not  a  little  ©vi* 
dence  to  show  that,  when  none  of  the  white  columns  are  avail- 
able owing  to  operative  [n-ofedure,  diseji.'**,  or  other  disabling 
cause,  the  tcray  matter  will  conduct  impulses  that  usually  pro- 
ceed by  other  Iratrl*. 

BjnoptioaL— The  spinal  cord  is  compoaud  of  large  ganglionic 
nervo-colU,  fibtTS,  and  connecting  neuroglia.    Functionally  it 

I  is  a  conductor,  the  seat  of  certain  automatic  centers  and  of 
rcfli'X  uieclianiMms,  Probably  in  eveiy  ca.se  the  one  function  is 
to  a  c^^rlain  extent  associated  with  tho  othor — i.  e.,  when  the 
(K>rd  acts  rellexly  it  is  nliu>  a  conductor,  and  the  cnlls  concerned 
ore  so  readily  excited  to  certain  dirichargi-s  of  nervous  energy 
that  automaticity  is  suggested,  and  »»  in  other  instances:  thus, 
in  the  case  of  automaticity,  rt-llux  inlluenco  or  afferent  impulses 
are  with  difHculty  wntirvly  excludad  from  consideration. 

The  great  majority  of  conducling  fibers  seem  to  cross  either 
in  the  cord  itself  or  in  the  luudulla  oblongata.    The  conducting 
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paths  that  have  boen  shown  by  patholof^i^al  and  clinirAl  inrm* 
tigittion  to  Iw  best  marked  out  in  the  spinal  cord  are  thocto  for 
voluntaiy  motm-  impulseR.  So  far  a.i  the  CimotioiiR  of  the  hu- 
man organ  ai'ft  con<^«rned,  cliiiiral  and  pathological  fix'lv  have 
thrown  the  greatest  amount  i>f  direct  light  on  the  *inl>jiTt ;  hal 
thu  iiifiTL-nci's  thus  driiwn  hiivo  hwn  inodifitid  ami  )iupplL>- 
mented  hy  thu  results  of  i'Xpi*riinonts  on  curtain  ulhur  mam- 
mals. 

It  iH  es|)efially  iiup'jrtant  tu  htmr  in  mind  that,  whihi  cortain 
conducting  paths  an>  usiiul,  Tla-y  an<  nut  invarinbh';  in  like 
manner,  reflex  impulses  may  not  bo  oonfiuiHl  to  usual  groups  of 
cells,  but  may  extend  widely,  and  bo  bring  into  action  a  large 
number  of  muscles.  Then'sulting  reflex  in  anycase  is  depend- 
ent on  the  fharacter,  intensity,  and  location  of  the  stimulus, 
and  especially  on  the  condition  of  the  central  cells  iDVulv(;i). 
In  the  whole  functional  life  of  the  cord  the  influence  of  higher 
centor.i  in  the  organ  itself  and  esp{<-iHlly  in  the  brain  is  to  bo 
considered.  The  coi'd  is  rather  a  group  of  organs  than  u  single 
ono. 


THE  BRAIN. 

The  mvthofls  of  inviwtigating  the  functions  of  the  hrain  are 
analogous  to  ihusc  umployLKl  for  the  curd,  and  may  he  classed 
as  physiological  proper  and  pathological,  though,  as  a  matter 
of  fact,  neither  one  nor  the  <)ther  is  now  considered  aa  reliable 
when  taken  alone.  With  the  pathological  is  generally  in- 
c1udi'<l  the  clinical  method ;  anil  the  conclusions  thuit  dvrived, 
are  corrected  and  supplemented  by  the  rceults  obtaiuMl  by  »eo- 
tiou,  roRiovnl,  or  otlior  operative  procedure  affecting  parts  of 
th«  brain.  Tbe  ilifllcultiet!  arc  still  gre-ati-r  than  in  the  case  of 
thdcord,  on  account  of  the  extreme  complexity  of  the  organ, 
OHpocially  iu  the  higher  mammals  and  man. 

At  tho  outset  we  may  remark  that  the  whole  snbfpct  will 
he  studied  more  profitably  if  it  be  borne  in  mind  that — 1,  The 
brain  is  rather  a  collection  of  orgiuis,  bound  tog<^<thor  by  tlio 
closest  anatiimical  and  physiological  ties  than  A  single  one;  in 
consequence  of  which  it  is  i|uito  impossible  to  understand  tlie 
normal  function  of  ono  part  without  constantly  benring  in 
mind  this  n-lationship.  This  aspect  of  the  subject  has  not  re- 
ceived the  attention  it  dGser\'e8.  No  one  regarrls  the  aliment- 
ary tract  as  a  single  organ ;  hut  it  is  likely  that  tbo  dependence 
functionally  of  one  pari  of  the  digestive  canal  upon  another 
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^^^wmore  intimato  than  that  esUiblished  in  that  greAt  collec- 
tion tif  organs  ciftwdwl  toypther  and  making  np  the  braiiu  i. 
Since  the  relative  size,  pfi&itiun,  and  anatomical  coimectioiii*  of 
thd  porta  that  make  up  the  brain  are  dift'erent  in  dilTorfnt 
gruu)>8  of  animalii,  not  to  speak  of  the  fact  that  thi-  fuiK-ttuus 
o(  any  |<nrt  nf  the  brain  of  an  aninml,  like  tliat  o(  itit  spinal 
corri,  nlri-wly  alhi(Ic<l  to,  mu»t  dujit-iLii  iu  grout  part  upon  its 
own  and  it»  inherited  nncestral  expiTiunca),  it  follows  that  tho 
grcutust  cttution  must  bo  oxorcisfd  in  applying  ooncluiiions 
true  of  ouu  gi-uup  of  auimaU  to  another.  As  we  sluill  point 
out,  the  neglect  of  tlus  precaution  ha.s  lot]  to  noodlosii  contro- 
versy and  much  misunderstanding.  3.  It  follows,  fnjm  what 
has  been  referred  to  in  1  alxivi-,  that  conrlu!<ii>Dii  biis<>d  uiwu  llie 
behavior  of  im  animal  aftt^>r  suctiou  or  reaiuvul  of  n  part  of  the 
brain  must }»;  until  at  Iwist  correclwl  by  other  facts,  reci'ived 
with  somi*  hfsitatii'n.  4.  It  also  might  be  inferred  from  1  that 
it  isdosirablv  to  study  th<?  simpler  forms  of  brain  found  in  the 
lower  vertebrate's,  in  order  to  prepare  for  the  more  elaboiato 
development  of  the  enceplialon  in  tho  higher  inammais  and  in 
man.  5.  The  embryological  development  of  the  organ  also 
throws  much  light  upon  tho  wlndo  j^ubjwt. 

The  student  will  see  from  tliuse  remarks  that  a  »ouiid  knowl- 
wigp  of  the  anatomy  of  the  bmin  and  its  connections  is  indii^ 
peusable  for  a  just  apjireciation  of  its  physiology;  nor  must 
such  knowledge  Iki  confined  to  tho  human  orajiy  other  single 
form  of  the  organ.  Tlu-po  is  only  one  way  by  which  thiw  can 
bo  attain*.^;  dissvction,  with  thehi-lpof  plates  and  desLTiptious. 
The  latter  alone  fn-quently  impart  ideas  that  are  quite  errone- 
ous, though  they  serve  an  especially  good  purpose  in  helping  to 
fix  the  pictures  of  the  natural  ohjecrts,  and  in  reviving  them 
when  they  have  become  dim. 

It  is  neither  ditHcult  to  obtain  nor  to  dissect  the  brain  of  the 
fisli,  frog,  bird,  etc.  Valuable  material  may  be  saved  and  the 
Bnhject  approached  profitably,  if,  prior  to  the  dissection  of  a  hu- 
man bruin,  a  few  specimens  from  some  group  or  groups  of  the 
dontestic  aninudii  bu  examined.  HoM'evvr  luteful  artificial  braiu 
pn-pantt ions  may  he,  they  are  so  far  from  nature  in  color,  con- 
sistence, and  many  other  properties,  that,  takeu  alone,  they  v^jr- 
tainly  may  serve  greatly  to  mislead ;  and  we  hope  the  student 
will  allow  ue  to  urge  upon  him  the  methotls  above  Buggesti>d 
for  getting  real  lusting  knowledge.  The  ligures  given  below 
may  prove  helpful  when  supplemented  as  we  advise. 

The  great  difference  in  total  size,  and  in  the  relative  prupor- 
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tion,  situation,  etc.,  of  parts,  will,  however,  be  oTivioiis.  fivini 
the  figures  thi-iniwlreB ;  and  us  we  have  already  point<il  out 
more  than  once,  the  pre^nderance  of  the  cerebnini  in  niuii 
tiiu.it  over  be  borne  in  tnind  in  the  consideration  of  his  eiiliro 
organ ixation,  whether  jiliVHical,  mental,  or  moral :  or,  to  |>ut 
the  iDttltc-r  (itherwine,  all  man's  fniictiouit  are  the  Ijelter  tn>d<-r- 
stood  by  the  rtimembrnncv  of  this  one  fact,  which  will  Ik>  at 
unee  i1lntitrate<l  when  we  coii8i<ler  the  result  of  removal  of  tfao 
r^rebnim  in  animals. 


AS1MAI.S   DKPRIVKD  OF  THE  CBRRBRrM. 

The  cerebrum  may  Iw  i-endily  removed  from  a  frog,  witliout 
jtroilncing  either  severe  iii-olonged  shork  or  any  considerable 
iuenion-liage.  Such  an  iinimn)  ivmains  motionless,  uoleRS  when 
stimulated,  though  in  n  tioini>wlnit  dilT<rrent  piLsition  from  that 
of  a  friiR  having  only  its  i^pinal  oord.  It  can,  however, 
rrawl.  leap,  swim,  balance  itself  on  an  inc-lined  plane,  and  when 
leii|(ing  avoid  obstacles.  One  looking  at  such  au  animal  per- 
fiirniing  these  vjirious  arts  would  scarcely  susjiect  that  any- 
thing was  the  matter  with  i(,  so  perfwtly  executed  are  it* 
movementtt.  We  are  forced  to  conclude,  from  its  remaining 
tjuiet.  except  when  aruueed  by  a  atimulufi,  that  its  volitiou  is 
l<i8l;  but,  ai>art  from  that,  and  the  fai-t  that  it  evidently  dues 
not  see  as  well  as  before,  it  appears  to  be  □ormal.  It  has  no 
intelligent  directive  power  over  its  raovements.  It  i-eniains, 
thei-efore,  to  explain  how  it  is  lliat  they  are  so  much  more 
ivim[)lete,  so  much  Ijetter  crMirdiriate<l  in  the  entire  animal  Umn 
wlien  oidy  the  spinal  conl  is  left.  It  seenw  to  be  legitimate  lo 
infer  that  tlie  other  parts  of  the  brain  contain  the  nervous 
macliiiiery  fi)r  ihi.s  work,  wliicli  it*  ui<iially  stimulated  to  action 
by  the  will,  but  which  an  external  stimulus  may  simulate.  All 
the  connections,  structural  ami  functiounl.  are  present,  except 
those  cm  which  jjuccessful  volition  depends.  The  fntg  with  the 
cord  nuly,  sinks  at  unce  when  thrown  into  water:  when  gently 
placed  on  its  back,  it  may  and  probably  will  remain  in  that 
position,  without  an  attempt  at  recover)".  There  is,  in  fact, 
very  limited  power  of  co-ordination. 

Removal  of  the  cerebral  lobes  in  the  bird  is  more  likely  to 
bo  atteudeil  with  difficultieji,  and  conchisions  must  be  drawn 
with  greater  caution. 

But  a  pigeon  may  1m?  ki-pt  alive  atU-r  such  an  oix-ration  fur 
months.     It  can  stand,  buluucUig  on  ono  log;  recover  it«  posi* 
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tioii  when  placEKl  on  itB  side:  fly  wheii  llirown  into  ttio  air; 
it  will  evon  jireeu  its  feathers,  idrk  up  fond,  mid  drink  wnt^r. 
Its  movBtnfiits  are  such  as  mi^ht  be  their-  (if  n  stupid,  lirowny, 
or  probably  intoxicated  birtl ;  but  it  i»  pluiidy  eudowvd  nHth 
vision,  though  not  as  good  a»  before.  Ru(  npoutATiouuH  move* 
ments  are  aKsent,  and  the  iieL-king  at  fon<i.  etc..  must  hv  oousid- 
erect  as  associated  jvrtexes,  and  an  »ui-li  nrc  wry  intor(<HtinK> '" 
that  lliey  .show  how  innchiiKvlik*-.  ufivr  all.  many  of  the  appar- 
ently volitiuitnl  acts  of  aitiuial^  rvtilly  an*.  In  u  mammal  .10 
grost  is  tlio  ishock,  ulc,  resulting  fnmi  tho  0{H.>rntivo  procedure, 
tlmt  I hu  actual  functions  of  Ihu  nnuttining  jiarts  of  the  brain, 
when  thu  cerebral  convolutions  are  rumoveil.  are  greatly  oh- 
Dcurud ;  uuvurtheloss,  littlu  doubt  is  left  on  the  mind  that  ItoinoU 
ogous  parts  dischargo  aiiiiloguua  functions.  It  can  walk,  run. 
leapt right  itself  when  placed  in  an  unnatural  (lo^ition,  ent  whi.-n 
food  is  placed  in  Ha  mouth,  and  avoid  obHtkcIes  in  it«  path, 
though  not  perfectly.  Yet  it  remains  motionle^!)  unh'^i  stinui- 
luli'il ;  nil  objects  before  its  eyen  impress  it  alike  if  at  all.  The 
animul  evidently  Idik  neither  volition  nor  intflligi:mce.  Now,  If 
any  uf  tho  partH  butwvun  the  rerebnmi  and  the  mvdulla  he 
removed,  the  crenturu  shows  Ic«suned  con^i'dinating  power;  so 
that  thu  infurt^nce,  that  theso  various  parts  are  i<sseiitia1  consti- 
laentA  of  a  complex  mucliuuism,Bll  the  components  of  which 
are  necessary  to  the  highest  Forms  of  muscular  co-ordination 
and  probably  other  functions,  is  unavoidable. 

There  ur«  all  degivea  of  consciousness,  and  it  is  quite  impos- 
sible tu  determine  the  extent  to  which  this  is  interfered  with 
in  animals  treated  oa  descrilied.  While  there  can  be  no  doubt 
that  for  the  (xjsaetwion  of  the  liigbor  forms  of  conscioitsnass  (as 
for  tho  iH!irfe<;tion  of  all  vL^iia]  and  other  nensory  processes)  the 
eorobnim  is  necessary.  It  wr>uld,  however,  be  very  hazardous 
to  stato  that,  apart  from  tlii»^  [>art  of  tho  brain,  con.iciousness 
did  not  exist.  When  the  whole  cncephalon  is  removed,  the 
Bpinal  cord  alone  remaining,  it  would  not  bo  legitimate  to  iii> 
f«r  consciousneKH  in  tho  sense  in  which  that  won!  is  usually 
implicti ;  ftt  the  same  time,  in  the  intact  vorU^brate,  we  may 
beliovc  that  L'on.sciiiiisness  is  in  some  sense,  at  luost  ro- 
Ut«d  in  indefinable  ways  to  all  the  vital  procesfies.  if  not 
thoir  actual  resultntit :  inasmuch  as,  either  directly  or  imli- 
recdy.  the  nervous  syhU'mi  in  all  it«  parts  is  functiounlly  con- 
noclod.  and  influences  nnd  is  itself  influenced  by  every  cell  in 
ihe  body. 

Sinoe  we  are  dealing  with  co-ordinatc<l  movements,  we  nuty 
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DOW  treat  of  tlic  functions  of  a  (wrtioti  of  tlio  our,  accurdiug  ' 
our  preM>iit  vlassificatiou. 


Have  the  Sbuicibcl'i^r  Canals  a  O^ordinatino 

Physiologists  have  as  yet  Iiwh  uiiablo  to  nraign  to  the  somi- 
virculnr  canals  a  function  in  hearing,  and  upon  c«r1ain  resollA, 
partly  of  di^t^tisv  )mt  cliietly  of  exporiuieiit,  it  has  liocn  cod- 
chiiUtl.  tliough  .-^tjinowhut  liiibiou^^ly,  tlmt  tliey  nro  coDcemM 
with  tlioMu  sunMntionx  that  mmluct^  to  or  aru  i-»Hfntial  to  ninin- 
tunauco  of  ttio  huii»u  of  oquilibriuiii ;  in  n  vrortl,  tliut  thi^>y  an> 
the  organit  of  that  sunso  in  thv  «inio  way  that  thv  oyo  is  the 
organ  of  vision. 

BxptrimvnUl. — When  in  a  bird,  ob  a  pigeon,  oae  of  the  mem- 
branous semicircular  canals  on  one  side  is  cut  through,  move- 
ments of  tilt*  head,  varying  H-ith  the  canal  cat,  result ;  thougli 
tlit^L-  are  not  p<Tinaaent,  wln-n  the  ojiemtion  is  uniiat^raL 
After  thu  bilat4^'rnl  operation  a  bird  dies  with  difficulty,  (-ats  and 
drink)-,  but  nut  as  usual,  and  behawK  gcnornlly  in  u  way  to  in- 
dicatu  loss  of  co-ordiuBtion.  It  apiHWrs  tu  be  dizzy.  It  cnu  boar 
well,  and  is  not  iiaralyxud,  nor  in  thore  even  wealcnoev  of  tli-' 
muscles.  The  phenomena  in  other  animals,  while  not  quite  the 
same,  in<1icBte  that  the  essential  failure  is  in  co-ordination  of 
muHcular  movements.  When  the  peculiar  movements  of  the 
head  or  cy(«,  at  first  enduing  on  n[>eration,  are  permanent,  it  is 
possible  that  there  may  have  been  injury,  either  primary  or 
secondary,  to  the  cerebellum  or  other  pnrUof  the  brain.  There 
ftro  very  many  ways  in  whicli  giddinets;  nnd  eonso(|uent  ioco- 
ordinntion  may  be  induced  in  man  and  the  lower  animnllL 
\\nien  this  is  brought  about  by  rapid  rotation,  both  the  disturb- 
ance in  the  distribution  of  the  btooil  within  the  crauium  and 
actual  tlisplacement  of  brain-substance,  or  at  least  molecular 
disorder,  must  be  at  the  bott^tm  of  the  matter. 

In  Meniere's  disease,  vertigo  is  a  prominent  symptom  in 
certain  cases,  hnt  absent  in  others.  Again,  it  is  assertetl  tluit 
vertigo  may  be  induced  in  animals  in  which  both  auditory 
nerves  are  divided.  For  our  own  imrt,  we  believe  en  undun  im- 
imrtonce  has  been  iillnrhe'l  U*  th"  seniifiircular  eannlK  in  thff 
prcHont  connection.  ICx  peri  men  ts  on  animals  <im  not  alone 
solve  8uch  problem.-*  as  this,  for  the  ronton  that  wo  can  never 
know,  except  in  the  vaguei^t  way,  their  Htativ  of  eon»>ciousno«ii. 
Indeed,  the  latter  uiu«t  always  bw  iuterpretwi  by  our  t)wn,  or 
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remain  inscrutAble ;  so  that  it  fullows  that  human  conncious- 
nesB  mu)§t  lie  the  final  court  of  appeal ;  and  that  wo  must  de- 
pend moTv  upuTi  clinical  and  patholo^cal  inveKtigatioii  tliiui 
upon  experiment ;  but  even  this  in  nut  tinal,  and  in  the  end  our 
own  conscioUH  experience  will  alone  enable  ufi  to  interpret  facts 
of  the  chai'Hctei'  now  diKcu^mHJ,  A.'wume  that  a  human  itiibjvct 
lian  Itften  oiHTat'id  ujikii  its  above  indicated,  and  Tt-i-Is  iso  tUzzy 
that  ho  is  uiinblv  to  walk  titt'Adily,  and  possibly  uiiahlo  to  re- 
main standinif.  If  iiitorrogatt^d.  what  would  lie  thu  anuwers 
givtfu  by  an  wvuruti'  rcjiorttT.  with  no  bins  from  any  theory 
what«v«r  boiu-ing  on  thi'  etibjtHrt  :'  As  wk  conuuivo,  8om(<what 
as  .follows:  "How  flo  you  fwl  ?  Wliy  can  you  not  rise  and  - 
rvniain  standing,  or  walk  }"  "1  feel  nil  oonfuHOtl.  I  can  not  I 
stand  or  wnlk  bucausu  I  do  not  soem  to  be  able  tu  make  out 
what  I  should  do,  I  havu  no  clear  ideas  of  things  about  me, 
and  so  da  not  know  how  to  proceed.''  Put  in  more  abstract  or 
generBlized  form,  this  amounts  to  sayinK:  "I  am  so  cnnfuaed 
by  couBicting  sensations  that  all  my  old  judgments  about  the 
world  are  u)>i*et,  yet  memory  and  reason,  in  so  far  as  I  can  exer- 
cise them,  tell  me  that  they  are  wrong,  ami  I  Fear  to  act,  and  so 
remain  still ;  or,  when  I  i)o  try  to  stand  or  walk,  my  confusion 
Inds  to  a  sort  of  loss  of  control  over  my  thoughts  and  feelings, 
and  therofort'  my  will-power,  so  that  any  effort  to  walk  is  fee- 
bly dirwtcd  by  will,  and  little  i-egulated  by  my  usual  feelings; 
hoiico  I  Bcconiplisli  little,  and  lose  conli<ienrf  in  myself."  Snch 
may  bo  considerwl  an  attempt,  and  only  fairly  successful,  no 
doubt,  so  great  is  the  complexity  of  the  state  of  conscionsntrss 
resulting,  to  describe  the  condition  of  a  human  being  under 
such  circunistnuces.  as  durivod  from  a  consultation  with  our 
vxperieuc-s  uudur  p)eculinr  conditions,  as  the  various  forms  of 
giddiness,  intense  and  sudden  suqu'ise,  and  a  ho^t  of  others  not 
ruudily  name'l  but  still  real.  With  a  bird  or  [(uadruped  thu 
nee  must  be  somewhat  similar. 

It  has  boen  suggestol  that  tliere  is  experiment«l  evidence  to 
show  a  power  of  estimation  of  the  distance  and  direction  through 
which  a  human  subject  is  moved,  independent  of  the  diita  fur- 
nished by  other  senses,  as  sight,  tactile,  and  muscular  sensation, 
etc  When  an  individual,  blindfolded,  lies  upon  a  flat  surface 
and  is  gently  rotated  through  a.  certain  angle,  it  is  said  that  the 
subject  tif  the  experiment  can  make  a  fair  estimate  both  of  the 
direction  and  distance  through  which  he  is  moved,  from  which 
it  is  ar^ed  that  there  is  a  sense  answering  to  this  result,  and 
locates!,  presumably,  in  the  semicircular  canals.     But.  in  the 
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first  jilauu.  wo  very  much  d'Hibt  whuther,  in  itucli  aii  experi- 
ment, tMctile  HOfl  musculur  SL-usoiion  ui  in  iib<>y»nco.  iLtiil,  in 
the  i^ecuml  plnof.  if  it  wuro,  tlicro  are  aeeocioted  mmsatiutw,  pos- 
sibly from  lite  viuMrular  and  lymphatic  systems,  Bn<l  many 
other  soun-eH  within,  which  can  not  be  ignonx).  Wu  do  oot 
even  yet  Bcem  to  be  sufficiently  alive  to  the  delicacy  and  the 
immense  variety  of  our  sensations,  some  of  wliicli  are  abeo- 
Intely  indelinalile;  otherwise  we  do  not  think  audi  experiments 
as  that  above  cited  would  be  adduced  in  proof  of  a  special 
sense  of  r>quilihrinm. 

Until  further  ovidiTiPft  i.t  forthcoming,  then,  wo  an*  not  iu- 
elinvil  to  give  assent  to  the  existence  of  any  mechanism  in  |]iu 
somicircuhir  canals,  affording  sfnsorj-  data  so  entirely  tlifferetd 
from  thow  furnished  by  otbiT  n^'oognisie^l  (and  unroeognizod) 
HonstvorgHUH,  thitt  upuu  tlicm  uloni.',  or  in  a  manuur  enttrvly 
their  own,  ariitea  a  conscionsness  of  equilibrium.  We  are  in- 
eliaed  to  regard  the  latter  as  depending  upon  the  fusion  in  con- 
aciousness  of  a  vast  complex  of  sensattonif;  and  thai  ugnm  the 
whole  being  there  represent^,  or  a  {xirtion  wanting,  dep^^nds 
eitlier  the  preservation  of  equilibrium,  or  a  partial  or  entire  loss 
of  the  same.  Nevertheless,  it  is  highly  pndmble  that  sensory 
impulses  of  a  very  imporUmt  character,  in  luldition  to  such  m 
nro  essential  for  hearing,  may  pnicoLHl  from  th*^*  m>tnicircular 
canals,  and  indeed  other  ]>ari^  of  the  lubyriuth  uf  tlio  oar 


FORCBD   MOVKMKNTS. 

When  certain  portions  of  the  hrain  of  the  mammal  have 
been  injured,  movements  of  a  special  tharacter  ri'sult,  and, 
inasmuch  as  they  are  not  voluntary,  in  the  ordttiary  sense  at 
least,  have  been  sijoken  of  as  forced  nr  compulsorj*.  The  move- 
ments may  be  chissifiud  according  as  they  are  around  the  long 
vertical  or  the  transverse  axis  of  the  body  of  the  animal.  Hentvi 
there  are  "  circus  "  movements,  when  the  creature  simply  turns 
abunt  in  a  rirrle,  *'  rolling"  movements,  etc.  Tlii^e  at>d  otbers 
may  be  toward  or  from  the  side  of  injury.  WhiU-  in  8om« 
caH«s  there  may  l>e  a  Cfrtiiin  nmount  of  iiiusoulnr  weakness  ui 
consequence  of  the  injury,  which  may,  in  part,  account  for  the 
direction  of  the  movements,  this  is  not  so  in  all  envies :  nor  dooi 
it,  in  itself,  explain  the  fact  of  their  being  plaiuly  not  voloo* 
tary  in  the  usual  sense. 

The  parts  of  the  brain,  which,  when  injured,  are  most  iiabl 
to  be  followed  by  forced  movements  are  the  ba^al  ganglia  (cor- 
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|Mirji  »Lriata  aiid  optic  tlialnini),  the  crum  porebri,  corpora  qufid- 
rigeinina,  poiiR  Varolii,  aiid  meilulla  oblongata,  nnd  etilteciiilly 
if  the  RPction  be  unilateral.  We  have  already  seen  that  seveml 
of  these  parts  ai-e  coiioerned  in  muscular  co-ordination;  hL-uco 
the  disorderly  character  of  any  mnvement^  that  might  now  re* 
suit  when  any  part  of  this  related  mechanism  is  thrown  out  of 
gear,  so  to  s])eak ;  but,  a|>itrt  from  that,  we  think  that  thu  view 
presented  in  the  previoiw  suctions  is  nppliniblo  in  this  o&se 
mIso,  whilo  the  forcod  mo%'vmont«  thi-m»elvut(  throw  light  upon 
thu  symptoms  following  injury  to  tht.'  SL-micirculur  canal.'*. 
When  th&t  cou^tAUt  afflux  of  sensory  impulsi>»t  townrd  the 
uvrvouii  contort  is  iuterfun^id  with,  bs  munt  be  the  case  in  such 
DWtionti  us  are  now  referred  to,  it  is  plain  tliat  the  balance  in 
Consciousnesx  muut  be  disturbed :  eoufuttion  results,  and  it  is 
not  surprising  that,  instead  of  a  passive  condition,  one  marked 
by  disorderly  movements  should  result  in  an  animal,  since 
movement  so  largely  enters  into  its  life-habits.  It  is  important 
to  remember,  in  this  connection,  that  the  great  highway  of  im- 
pulses between  the  cerebral  cortex  and  other  parts  of  the  brain 
and  the  spinal  cord  lies  in  the  very  i>arts  of  the  encephalon  wn 
are  now  considering.    . 


FUKCnONS  OF  THE  CEREBRAL  CONVOHJTIOWSi. 


ConpftriLUvc.— It  will  conduce  to  the  comprehension  of  this 
subjivt  if  scjiuG  reference  be  now  made  to  the  development  of 
the  brain  in  the  different  groups  of  the  animal  kingdom. 

Invertebrates  not  only  have  »n  cerebmm.  but  no  brain  in 
the  strict  sense  of  the  term  as  applied  to  the  higher  mammals. 
Ill  most  forms  of  this  great  subdivision  of  the  animal  kingdom, 
the  first  or  head  segnu^nt  is  pro\ide<l  with  ganglia  arrangecl  in 
the  form  of  a  collitr  arouml  the  otsoplmgus,  by  mi-nns  of  cotii- 
mitwura]  nerve  connt^ctions ;  so  that  the  nervous  Kupply  of  tho 
head  in  not  widely  tlilFureut  frum  that  of  the  other  scgmeutfi 
of  tho  body.  But  us  wu  ascend  iu  the  scale  among  thu  In- 
vertebrates these  ganglia  become  more  crowded  together,  and 
So  resemble  the  vertebrate  brain  wnth  its  massed  ganglia  und 
numerous  connections  through  nerve-fiber»,  etc.  But  in  this 
respect  we  lind  great  difference  among  vertebrates.  We  can 
recognize,  on  pa.ssing  upward  from  the  .(4m/j/iioj-u.*,  destitute 
of  n  brain  pmin^r,  to  man,  till  gradations  in  the  form,  i-ulative 
site,  multiplicity  of  connecting  tie«,  etc, 

Spt*ukiug  guuerally,  thvru  is  girat  diffureuco  iu  the  weight 
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Fid.  ^M-— Ncnktun  K>nt<^Hi  oT  tih'  OMiiiriioii  iiiLuvfl  ^iLTtiT  Ownt.  I.  Ipblnl  onnid'a  conoroud 
hy  ■  «ln.rl  iwiiinilHatir.'ni-pv.-  nuil  in  frimi  eif  ininilfa  ;  ft.  h.  bnui'hiBl  bbd^U*.  nMimi'iwI 
III  Itki*  ninnmr,  nwi  imilAl  I'V  l»iijr  nTmii^  mnft  lif.  cfi  villi  labtjtt  inntfllq  :  u,  Ii^IhIimI 
iirrliit  miniclinn  nrnilliiK  brouclm  I"  ihi-  iiiinculnr  tool  {r>,  Bnil  ckarv  imlinl  niUi  ih<' 
'■■iMlllonr  lunTiilH"  111;  fi.  A'.  clTfumpiklllal  plcxui;  g,  hyBOW  by  Bbk'ti  Ibc  uiluwl 


on  atUcli  ilasir  lo  ttnigu  boillw  inuuhuri 


of  the  cerebrum,  both  relative  and  absolute.  In  all  animalx  be- 
low the  primates  (mnii  iiml  the  aiM-e)  the  cerehelluni  i»  either 
not  tit  nil  (.ip  hut  imiwrfectly  coverod  by  the  cerebrum :  while 
in  man,  so  gi'eut  is  the  relative  size  of  the  latter,  that  tho 
cerebellum  in  Hcsrcely  visible  from  alwve.  If  we  except  the 
elephant,  in  which  the  brain  may  reach  the  weight  of  ten 
pounda,  and  the  whale  with  its  brain  of  more  than  five  pounds 
in  the  larjjest  speoinieiis,  the  bruin  of  man  is  even  alwuilutely 
heiLvii>r  than  that  of  any  other  animal,  which  is  in  j^reet  pnrt 
duo  to  the  preponderating  development  of  the  cerebrom. 

Wliile  the  cerebral  surface  is  smooth  in  all  the  lower  verte- 
brates, and  but  little  convolut^^d  until  the  higher  miinimals  ue 
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reached,  the  bnuD  of  11it>  primates,  nnd  especially  of  man,  ban 
ita  surface  enormoU!<ly  iiurpased,  owinif  iu  its  iiiiinerouti  tis- 
suras  aiid  convolutions,  which,  in  fact,  arise  from  the  growth 
of  the  organ  being  ont  nf  proportion  to  that  of  the  bony  case 
in  which  it  is  troiitainoil ;  iinr]  sitiee  tiiote  c«ll8  which  go  to 


Kid  W.-Elniln  anil  npliuil  cunl  o(  froK  <BwtUu).  A.  ultMKury  lobca;  B.  veri'liial  i-tK»; 
K.  plot*l  Imdy  -.  V.  l>.  ii[illc  1oIm«  ;  K.  nuvMlum :  H.  iqiliiBl  eurtl.  Ttw  n-ivl^rlluui  ■• 
wtoblyHoaU 

make  Up  the  gray  mattur  luxl  art' (U'votvd  to  the-  highest  func- 
tions, are  disposed  over  tho  surfacf.  tht-  iuipurtuiicu  of  th«  fad 
in  accounting  for  the  superior  intt'lligoiico  of  th«  primatw), 
and  especially  of  man,  beconn-ii  ap|Miri'iit^  D*ptii  of  tissuring 
is,  however,  of  mort-  importance  than  mullipUcily  of  furrows ; 
and  it  may  be  observed  that  intelligence  is  not  always  in  pro- 
jKirtion  to  the  extent  to  which  llie  cerebral  surface  is  broken 


no.  an. 


Fin.  Wn     Bnln  •>'  Ih-  plk*.  Tirin-d  rr«m  nbnv;  fHiiiIti     A.  iltr  oirurtoni  nm««  nr  lobM. 
ftai[  b-'fiL.*!!!  tiipm  thi-  opilt  ut-rm:  B.  lb*  ■.■•■wtirftriK'niliiphrmi  i  C,  »\<--yAii-  liilira:  rt. 

Tbf  on-i-^l-.Hiirt" 

rhtrviMTpl'.nlim.  or  "I'nolorr  Inh.**.  vHh  f.  r.lio  nlf^vtory  armv*  "  Hf.  tlie  cun-brol  hrmi' 
«phi-m :  fi'ii  f,  th*-  rhiL[iiiniL-iii>f(iliA!on  n^ifi  ttv  tdiwiil  irbiiirK  P-  -.  L  "j*.  '^n\r  Inbnt ,  r. 
edvbdluiu  .  S.rli.  tlut  t'lurth  ii'iitrii-l'  :  iU:  iiu^qliilla  ulili>Dir*i>- 

up  into  fiisures  and  convolutions.  The  dppih  of  the  gi'n  y  mat- 
ter is  alw>  very  variable,  and  seems  to  bear  an  important  n^Ia- 
tion  to  psychir  development,  Man's  brain,  then,  is  character- 
izetl  by  its  greet  size  and  complexity ;  while  ihiym  purls  treated 
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Flo.  »a.—i.  C  Ibe  bnUa  of  •  llunl  i  naiiiuMounu  Bf  npnirx*^  >.  uul  D.  D.  of  •  bin)  -  It/Int 
gira  guUupiini.Uis  turlint'l.  ilrawD lU If  thpf  mm- of  •quiil  1fiu,-iIi>  lAfl>r  llitib^ i  A.  II, 
Ttnirvil  fram  abmv ;  0.  I>.  frmn  Ihi*  Ml  lodp  <f/.  <illiu:U'rjt  liilvii ;  /S.  pinral  kIiuJ  : 
/rmo.  cvnhml  NfMnkptiprw ;  Mb.  npllc  loNii  nt  Hi-  ml'Mimln :  C;  (.■rnbcllunj  l  ,U.  <i. 
idi^IuIIb  nbtonxftla:  ■'.  (ir.  I'l.  ■.touil.  [ourtli.  AnO  itMlli  ixilni  or  curcbr&l  iwrvm;  J>y, 
IrituliArr  body. 
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._    _, , fnil  biPil  iiifi.T  llmkv  nn<I  '"flnHi.     Ij-'ii-m  lu  lu  Uio  pNMdtBIt  1 

>fiiitiv>:  <v,  Aiiif'H'i/' o^»i"ijiMiir«< :  Th  K.  ihnJAEiii'ca^vtiliiLiii : ',  wtfr.  lyinimiiiRiiy ;  fk  pi^J 
b-rlor  i^cnmiMunf :  'i-.  InilliiU"  thr  I'tnci  imltit  <if  dli  oT  thp  (eiirih  pMr  fram  Ihat  PH(3 
fit  Ihc  tiralQ  which  onittvn  to  the  nlup  or  VipuBMM.  a 
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ne.  3SI.  rin.  an  no.  aos. 

FiA  M  — BnUu  nr  riRWd  iOfti-r  Pvrrirrl     ^.  t-rn-lirnl  boinlqihivta ;  H,  opUo  lotw ;  C  ntrc- 

IipIIuiiIi  LIk*  UUf.rArViftH-A  nf  (rliirh  an'  vnrj'  4»iilt. 
t^  m,-  llraln  will  iiiiiul  orinl  nt  chick  al  milTrn  ilnjiolil  ^  opilu  [obe^  A.  ucitlU  luoon- 

UKM  (ftFtirr  Uwm  ud  Amlcnuuh 
Tia.  am  -BnUnand  partef  apliuu  ton!  of  <Jili.-k  iKunlj'  ilk)n>  "td.  •tM«rliiK  c>ptlc  lobM  >1dalr 

k>|iuu1ih1  aul  MiWMiiriiiD.  e.  Ia/)t*ly  •It-vrlu|«]. 

olsewhero,  coucerned  in  coordinntion.  vision,  otc,  are  well 
dovoloped,  the  oerebrum,  ctipuciiilly  iu  lobos  as  di«tinK>>i!^bod 
from  its  baeal  gnngliu,  w,  out  of  nil  proportion,  grcatur  tliiui 
ID  sny  utliur  auioml. 


Fid  K!. — DutTfliirfjkiv  r>r  bnin  of  brir^  in^   i 
pOOKDPKl  lalir 'nnxT-mi'*  ]«rir<rii<l>' 

■OtV  oeoll :  ;>.  tciiirih  ti''r'<      '    rr-i. 
|)0«»>tih«r)'ni!«J:  r.  iniru-     ■   ~, .,■ 

mrfar*  I  BfVr  SfJIj  mill  ly^iirll,  rr.rnri 
mlMiiri--  f--j,  i'ori>n™  qiiadrlKBiulaa.  iu  tr 
him  bo*  bN«  out  Uiroii(lL 


■  "rrbelhjrTi ;  o,  onlb.*  nmif ;  ■«. 
1  ■  !• .  /.  rni-lil :  1.  auilliory ;  o. 
I   v-liiunl :  X.  tumn  TanslU. 


'r*'wnr(ni[  rtow  nt  \atrmh} 
.'jtr^tiiMifl :  f«^  fTi"VUv  com- 
[.(mill  boj^.    Tbc <.'<-r*b«4- 
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The  gray  mutter  of  tho  bfaiiii^  of  the  higher  vertebrates  ia 
distributed  au  maHHes  of  ganglionic  c^lls  internally,  and  as  a 
fairly  uniform  layer  over  its  surface.    The  cerebrum  of  man 


j|VS**'<*  "t  (h**  liniln*"f  *  rftfkhH,  *  plff.  aihI  n  chlmpaiurp^  drmim  M  ivAr1;r 
^(».l»-rlliixl..vi     Tlir  riiMili'-  (■friiii  1.  Di  thi'iuj.:  Uu- trla'*,  hiiln'iiiiiWI"; 
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l]Mlliml*iuiHiral,  and  f.  Ot,  U.'Ir.  I.  fclthr  thnr  oixV*t»l  gjTi. 


n-oighs  about  three  pounds  on  th(>  avorogp.  that  of  the  mal« 
being  a  few  ouncon  (four  to  hix)  heavier  than  that  of  the  femala^ ' 
Tho  Individual  and  race  diffcrcncog,  tliough  cousiderable,  are 
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aot  coniparalile  in  (l^fi-ee  to  (hose  that  distinguish  mim  froiu 
evfcii  the  hi^hetit  a[)ts,  tlie  brain  of  tho  Ia11i;r  weighing  not 
more  than  tibout  onu  third  a8  much  am  that  of  tho  hnmiin  ttub- 
juct.  \\^ik'  it  hmt  biHiii  shown  that  individual  int-ii  tuid  womea 
may  reach  ovoii  di»tinctiun  in  the  iutcllcctuul  world,  having 


1»A  •.ml  plMnl  In  ihrwrno  order  I  nualpT),     'U,  i>lf«.i.iry  lc>li«;  C  c.  corfmt  rallonmi 

A,A.  Apterlor  comralanifv  :  H.  blfipocwnpiu  buU-iu  :  L'n^  udl-(iiiiI«  ;  3/,  marf Iiia)  ;  C\  Mh 
loHl  arl  1  £  P,  iDtfmjJ  (wrpenrllcular ;  Co.  iToImilUP  i  CoU,  colUif n1  lulel :  f.  fonvli. 

hrains  of  average  or  even  sub- medium  weight;  and  whilv  idiots 
have  be«n  known  to  pos^oss  brains  abnormally  heavy,  it  is 
nevertheless  Iriio  that  hrain-weight  and  the  higher  pnwurs  of 
man  lioar  n  idoso  though  not  invariable  relationship.  The 
appan>nt  ditturvpoucios  an-  suiR-eptiblo  of  explanation. 
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FH.  SI.— BMlBtf  Almimn !>•<<,  imn  <>i  f«Iit  trnnbiiliit*  bHnt  <vl  •■ay  w  •■  lo  aceear 

rM.  •)*.— IraJncf  human  l<lli>t  imlu-r  S'nit  andThvUpi.  Tbk  brain,  oaa of  ibp  iialliMt  ww 
namliinL  oi-lehol  oiiiy  am  enuiunn  iiM  oil.  Ttw  rwiiiMaoM  bMwoM  lte»  tva 
btmlOi  I*  •U^bliiR  L/-UBriiU[  III  aurli  nxinw  allkA,  <■.  cwiiub  MrlBBiro :  eo,  blnMi»ni|NH 
mafor  In  ilfwi'iidtiiK  mmii :  Km,  blppAnoipua  mlniM-  [n  peatOTlorcamn :  LjnM  ni«l- 
(lultna)  nanirri  r.  fmnlal,  r.  iianpial.  <X  ocdpllal  lobm:  Jt,  flHuiv  of  MolaBdOi  V. 
MitfTnal  pprprarliriilnr  nmm :  JT.  opprMiluin  :  A.  •(.  aawBOlm  (Kslal ;  ill.  ff.  twinnlin 
pHlatal  atDToluUrai. 
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Plu,  BTS 


Fw.  n,— BralB  of  oninit.  ulil"  Tlrvr  laflM'  \«gt  nni)  OrnttfilMt, 

Fig.  V4.— Bl«la  nfn  lloil'Diin  wmniiD. 

no.  m-BMIn  ot  nBUML  lUu  oi'lrbniAl  laatln-mailciaii  nu>l  utronomfT  tafUr  T<vt  uiS 
IL  Wiynttri  Ttn*  clJITi^nrricBt  l»4'iu-nm  Ullif  bud  lirbUi  nrnl  ■}■■'  luu  fliriin><l  tliof*  wLIl  utM 
tell  t^Hlrttffany  olwrhr  Thi4>  A^irMan<  iotrwli*<)  tn  l^Juatntl'  rvltl  jifad  InillTiiliiftl 
dlDiT«iiDA  nn  iJic  one  hanrL  nn'l  rfir  KT^-ntvT  nvciublnocr  lo  Lcwvr  fnnnii  i4  tbr  brmin  ttf 
tke  nian  drKTwM  rauH  of  iDi-iL 
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n*.  m— Vsnlo*!  iMUaa  uT  llilnl  iwohml  ividtoIiiIIoii  Iu  nian  lattrr  Min-nrd).     I.  aipitk 
ScUl  ndlii:  U.  lajrirnf  nmttt  p^rainliUI  •-"'la  :  3,  Injiriit  liirei-  |iyritiiiUsl  a4b:  4,  Iv^l 
tlKDMU  IrrpKulftr  ofII* ;  A.  luypr  of  ((iiiiiltF'iiliiLi"!!)  orlla;  Jf,  wlilln iuImaimh. 
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Besides  the  pray  mnttpr,  with  \ts  cells  of  liiglimt  functional 
value  from  the  staiiil|ii>int  now  tfiken,  the  hmin  consists,  nnil 
in  large  port,  of  neuroglia  and  norvv-fibors,  with  protubly 


Fid.  IR.— DiwraiiiinaMc  hoHtonlal  (BrUim  nt  a  Ti>rl>l>n(<>  hrnlii  IRmlnjri  Tim  tOllowliic 
WtTh  jvrirt^rurbciUt  Uila  Anirv  ami  Ih^  nrir  ftftlciwliis  Vh,  mlit-bmin  What  llf«an  front 
iitihw  Mill-  fiiiT^hmin,  nnrl  trhgi  lii« bcblnd.  the  lilnil  brain.  L.  I,  thrluiilnii  wrmlnkll*: 
<Hf,  nlfdcviry  l<>l>n( :  Jl"i/K  hriiittphom :  7^.  K^  tlialfciiipiJCvTiiBl'Jii  i  Z^.  pLdhaI  eluiit : 
Fi,  plUiilnrr  IhiIv  .  Fil.  lomiiiiii  of  Miiurn  :  Cn,  «if|im  MMntimi :  Th.  upUe  tbauuniw; 
Ctf,CDrpora  giuKtriuuiiiioit :  CC.  onu*  ivn^hrl  -.  I'b.  a>nib«llum  -.  f'l\  (kiiis  VonilU :  HO, 
■UHhiUm  dbloiiKsU :  I.  oiriuitorll :  //,  upUi'l ;  HI.  pnlni  c4  rilt  frtnii  lirulo  or  aiMomi  Wulo- 
ittm:  fr.  of  pAltipllcl:  IV.  nt  nbduorntr* ;  I' -  JC//,  nidiu  of  the uthpr fenbnl  nvrvM. 
I.OttMlorT  nnlTttli?:  tl.  IbUtoI  irnlrkk  :  S,  UUM  TcoiHde:  t.  tourlli  ivntrlcle;  «-.  <(«■ 
al(rH»<u  i(uii/cii>H  iwHfrww/HM. 


no.  STR.— A  kniKlluilJnal  und  twrUml  osMInn  ot  •  vi7rirhrnli>  hmIn  iIliiilnyL     I.rtt0ni  u 
■btve.    Tli«  (aiHlNu  frvminilli  in  rppriivriilpil  tty  the  airaiis  lilaoU  llnp  Iwlwn'B  ^'V  mm]  IL 


chiefly,  and  in  thv  oaso  of  the  fibers  s^Ii'ly,  a  riiminrtiiig  func- 
tion. It  will  appear  that  butly-u'eiglit  i>iui>t  hv  taken  into 
account  in  comparing  the  hraina  of  ttie  svxm  and  of  indi- 
Tidoala.    Again,  the  quality  or  functional  capacity  of  the  iudi- 


518 


ANIMAI.  PHTSIOLOOV. 


viduul  clomftnti*,  f«i)pria!ly  nf  the  cortical  c<>ns,  l»nlli  n»  Hit-  re- 
Bult  of  innntp,  inhpvited  powers,  and  as  allercfl  t>y  oducittiuti, 
is,  of  course,  a  mntter  of  great  iinpuHanc(\  By  educAtion  wo 
mean  till  tlnwu  iiifluonecs  tlial.  have  Iwi-n  hnmght  to  Ixvir  «iHm 
these  evils  from  withuut,  uf  whatovor  kind.  Apart,  tuu,  from 
all  thpst-  considerations,  it  must  Ih>  cluar  that  uhut  any  nut  of 
cello  I'AU  accDDipliNh,  hu  they  hrain-cells  or  othur,  mu^t  depend 
largely  iijion  tht'ir  capacity  to  appropriate  nourishmeiit,  which 
will  in  turn  be  modiSt'd  by  blood-supply,  the  Whavior  of  ex- 
creting orpaiiB,  etc.  In  a  word,  the  intellec-lual  achievements 
are  dependent  on  a  great  variety  of  fwtors.  The  brain  and 
other  parts  are  so  niulually  dependent  that  they  can  not  be  iin- 
dorstnoti  by  any  iholated  consideration  of  the  one  or  the  other. 
It  18  not  to  be  Mippotted  that  an  individual  with  a  poor  respir- 
atory, circulatory,  and  iligestive  system,  no  matter  what  tho 
possibilities  of  his  cei-ebruni,  can  ever  rank  with  an  nrgamsui 
admirably  balanced  in  these  reflects. 

The  Connection  of  one  Part  of  the  Brain  with  another.— Thongh 
it  has  long  been  known  that  the  different  parts  of  the  brain 
were  connected  by  bridges  of  fibers  (eommijisitreti,  etc.),  the 
physiological  significance  of  the  fact  seein»  to  have  boon  largely 
ignored,  and  even  at  the  present  day  is  too  little  considered. 
1.  C(vr*''iro/ ,/ifc<°m  pass  l)etween  the  convolutions  of  thiii  jtitrt  of 
tho  bruin  nnd  the  cerebellum ;  between  the  former  and  the  main 
boHal  ganglia ;  bolwcon  the  gmy  matter  of  the  convolutions  on 
tho  wunti  side,  and  belwt>en  the  latter  and  those  on  the  opposite  J 
halves;  between  the  grey  matter  of  the  cortex  and  the  intorDal'i 
capsule,  the  corpora  striata,  optic  thalami,  pons  Varolii,  the 
medulla  oblongata,  and  so  to  the  spinal  cord.  The  course  of 
the  latter  tracts  of  (ihers  have  been.  e8l>ecially  by  the  help  of 
pathology,  definitely  followed.  Some  of  these  connections  are 
given  in  more  detail  below ; 

I.  Cerfbro-cerebfUar  fihtra.  [a.)  From  tho  cortical  cells  nf 
the  anterior  cerebral  lobe  to  the  pons  Varolii,  passing  through 
the  internal  capsule  and  thence  throURh  the  lower  and  outer 
part  of  the  crus  cerebri  (cruHtn).  (b.)  Fibei-s  from  the  Occipital 
and  temporo-spnenoiihd  lol»es,  |)nw<iug  by  the  crusta,  reach  the 
upper  surface  of  the  cerebellum. 

i,  Fibrrs  bridgintj  the  iwo  side^  of  the  eerv&rwtn.  (a.)  By 
means  of  the  corpus  callosum  chiefly,  passing  from  the  gray 
matter  in  the  first  instance,  (b.)  From  the  temikorosphenoid^ 
lobe  on  each  side  throuRh  the  corpora  striata  and  anterior  com- 
missure,   (c)  Fibers  from  the  upper  jiart  of  tho  crus  cerebri 
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{te'jnit-n/um)  In  thr-  ii)ilic  thnlAmiiR  of  iVfh  niAc  and  nnwAnl 
to  ihu  lomiior»i-spheni>iilal  lulies,  Tonning  the  iioftloriurcomiuis- 
sure. 

3.  Fibers  connecting  diffrrfnl  jmrfs  of  Hie  een'bral  cofivotu- 
tioits  im  tile  same  aide.  Tlivso  aro  exceedingly  nuinuruiifi  and 
are  effected  by  auoh  tracts  as  thH"arcuat«  fibi-ra/'  passing  from 
one  gyrus  U)  anothwr ;  "  coUaternl  fiburs,"  furming  distant  convo- 
lutions; fibers  of  the  fornix  between  tlie  uncinate  gyms,  hip- 
pocampus major.and  optic  thalamus;  longitudinal  liberaof  the 
corpus  caUiHUm;  tihprs  of  the  taenia  seniicircularis,  um-inate 
fasciculus,  etc. 

4.  Fihfrs  ftirming  the  cfrehntm  and  the  spinnl  f-ord.  Ac- 
cording; as  they  pass  dow-nward  or  upward  do  they  converge  or 
diverge,  and  tho  moi^t  important  .soL-m  to  \»\ss  thi-ough  Iho  in- 
ternal ca[)tiuk<;  and  whtlt*  thu  majority  do  perhaps  form  »ome 
connection,  either  with  the  corpora  striata  and  optic  lUalami, 
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tatm  Lb  Boni. 
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It  u  hcU  It  mmj  ttet  the 

'  partitfli  of  the  iiOenml 

-  lobe  of  the  cenbrsB.  attd  an  tbe  patbs  «f  I 
apward:  vliile  tbe  real  a(  tbe  nfeecaal <^anl»  ii : 
ap  of  fibtn  fran  tlw  «Blrriar,«id  cipMiaBj  A*  itfdA»  pectacn 
cf  the  ecmSffal  cartas  (aotor  ani^  aad  Ibai  fifcos  m  tb» 
pakfca  'if  aiokc  <«ffn«ot)  inpoheB. 

Itttpy  bBCoaaicle>i«rthatthet»miitccni*itmul«wfaofa 
bf  cud)  oooMciiaiM;  «Dd  tbst,  apnt  froM  the  naltipbdtj  of 
ealb  vith  diffOT«Dt  fnortioiM  to  fmrlarm.  ntoaled  is  difltnat 
■wi>  the  complerity  aad  at  the  nn«  time  Uw  «ai^  of  Ike 
■iiw|il»loB  becoiDM  ioa  wringty  eriAwtl.  rowWy  ^w  aalaBM- 
cal  grooikib ;  but  we  shall  find  mdi  >  rirv  aUI  forllMr  stnogtih 
MtedbjrttudjrorthefiuictMfisof  theTBrianspMrta.  Whflrihe 
ttacU  eoaoMCalod  are  anatomical  and  ha*»  been  cleariy  tnnd, 
Ibflce  can  he  Uttle  donbt  that  many  athen  yiA  mMio  to  be 


twtn.im 


•■•mracM 
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•MFonA  owemotHiMA' 
n*.  Md-lladlw  kt«IUM]lii>l  iwlKn  at  biin>M>  taain,  MnMtasnDMMlto  iiAtr  nao 


lliitrlcod  out ;  iiml  that,  njitirt  f  txmi  sucb  ■.■ollcctioiu  of  fibers,  ve 
uuat  ru(iu^rii;iu  [uiicUoiml  putJu  by  the  neuroglia,  and  possibly 
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others  still,  it  is  not  to  be  forgotten  that  in  tho  brain.as  in  thi» 
spinal  cord,  iien'e-cells  are  themsc-lvc*  condiictori*.  ami  whilo 
there  may  be  i-^rUin  amis  within  wliich  the  resistance  is  such 
that  impulsog  aru  usunlly  ronGiicxl  to  th<.im,  it  is  also  trui>  that, 
OB  m  the  cord,  there  may  hv  a  kind  of  ovurflow.  A<ljacent  coDb, 
possibly  widi'ly  separated  cells,  may  bei-omo  involved.  We  ahall 
return  to  this  important  subject  again,  however,  as,  without 
reoo^izin;;  such  relatiouBhips,  it  seems  to  us  quite  impossible 
to  understand  th*^  facta  as  we  find  them  in  tbe  working  of  the 
bo<iy  and  the  inind. 

The  Cerebral  Cortex.— We  may  now  proeood  to  Inquire  what 
are  the  fum^tions  of  tltv  uolls  uf  the  grny  mattor  covm-ing  the 
surfaoo  of  the  cerebrum.  Before  the  birth  of  physiology  as  a 
BdencfliGatl  recognized  and  taught  that  the  eucephalon  is  a  ool- 


Plo,  »1.— Pia«T«.nimiillp  rvpnwmlstbni  of  (oncnui)  nirfuw  ot  left  «rsbr«l  hrnilaphere  ot 
nun  (AflT  KUnL  aod  KcLrrI, 

lection  of  organs;  that  these  Itave  sepamt*'  functions;  that  the 
relative  siee  of  eiu-h  determines  the  degree  of  its  functional  ac- 
tivity ;  and  that  the  cranium  developing  in  proportion  to  the 
grovth  of  the  brain,  the  former  might  give  information  as  to 
lbs  probable  sizL'  of  what  lay  bunvath  it  in  different  regiona 
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It  will  be  spen  that,  as  thus  interpretwl,  phrenology  U  a  very 
tlilT«>ri-itt  thing  from  what  usually  passes  under  that  name,  and 
is  paraded  before  wondering  auilienres  by  ignorant  charlatantt. 
In  thu  main  the  doctrines  of  Gall  are  uot  without  a  certain 
foundation  in  facts;  and  the  inodom  theory  of  lot-alization  of 
function  bejirs  n  strong  n.-«emblance  to  what  Qall  taught, 
though  with  greater  limitatioiut. 


•rvn  In  >i'nii->I  lonElIiiilfnBt  ninllwi  n-riion  ikfur  Mlut  anrl  Kskvti 

Among  tho  more  modem  observers,  Floureus  held  that  re- 
moval of  small  iKirtions  of  the  cerebral  cortex  produced  no 
vlTutft  on  eitht-r  will-power  or  intellijience,  but  that  if  carried 
far  enough  both  volition  and  intelligence  were  complet<?Iy  de- 
stroyed. Latur  obst'rvers,  say,  of  ten  years  ago,  maintained 
that  the  whole  or  the  greater  part  of  the  cerebral  cortex  might 
be  mapped  out  into  areas  with  a  definite  function.  The  melh- 
oils  of  investigation  have  been  clinico>pathological  and  |ihysio- 
logical. 

It  was  found  that,  on  stimulating  certain  areas  of  the  cortex 
(e.  g.,  the  so-called  motor  area),  certain  movements  followed, 
but  that  similar  results  were  obtained  when  the  electrodes  were 
applied  dirE>ctly  to  the  white  matter  underlying  the  cortex; 
hence  the  results  of  such  ejqieriuients  were  not  conclusive.  It 
was  held  that,  if  certain  regions  thus  respondent  to  a  stimultu 
were  removed,  the  movvniunts  of  corn-sponding  muscles  should 
be  abolished ;  in  other  words,  there  should  bo  localized  parsly- 
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sis,    Tt  was  then  asserted  hy  certain  pxperimentere  that  such 
was  the  case,  whilu  others  strenuously  deified  this.    By  com- 


TM,  MB.— Oiilw  mrtac*  of  Mnibnnii  (kftor  EiBDei).  TbvchBdiil  ponlourninwriiUfAf  nwtsr 
to  mui  kDd  tbF  moDker— L  C,  ^  «!*  wtileb  moal  olmm-n  brllt^Tr  tn  Iw  ««ocWi«(l  wBk 
««Uln  ToluDUUT  naovuDCBto  of  ths  llinbi,  «(o. 

billing  the  method  of  Rtiiniilatiou  with  that  of  a>i)ation  (or  the 
removal  of  deliiiite  portions  of  the  oortex),  a  very  exteTisive 
locah'zation  was  estitbl i.thed  by  certain  observers  (HitziR,  Per- 
rier,  etc.).  This  was  not  contJuetl  to  motor  fuuctions,  but  in- 
Tolved  sensory  ones. 

On  the  other  linml,  one  [ihyaiolojfint  (OoUz)  has  from  the 
first  nimntitined.  an  the  result  of  experiments  on  the  dog,  that 
localizntion  of  th©  chnracter  doBcribed  by  the  nbove-inentioned 
ebeorvors  does  not  oxi^t.  Hi<  fiiifU  that  no  nmoiint  of  ablatiun 
of  the  cerobrum  will  lead  to  paralysis,  and  that,  if  k'^ions  in 
any  part  be  but  uxtenKive  enough,  the  senHory  pLTccpliuiis  and 
the  intelligi-nce  of  the  animal  are  impaired.  It  is  fuund  that 
the  movemeutx  of  dogs,  after  the  removal  of  a  comtiderablu  por- 
tion of  tile  CLTvbrul  cortex  are  awkward :  that  one  or  all  of  the 
Animal's  sensory  perooptiuns  may  be  impaired;  that,  in  fact, 
Ibe  creature  may  be  reduced  to  a  mere  eating  and  drinking 
machine,  as  it  were;  but  that  paralysis  proper  does  not  exist. 
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Atxiiit  ttio  sntiie  time  aiintticr  )^x])erimcntor  (Munk)  hnd 
bot?D  ntlL^iniitiiig  to  nm[>  out  tlie  ro^uii  of  the  i-orlox  coiicftrut-d 
in  vision.  A^m  n.-»iilt  of  rvmoval  of  ditTurc-iit  portiotte  of  the 
ocripitnl  ]i>b(<  in  'lug!*,  he  had  con(?lu<li-(l  iLat  a  porlJon  of  thi.* 
lol)0  conutitiiU^i.]  the  cortit-nl  visual  oonlor,  and,  furtlivr,  that 
the  blin(Ini>88  rt>su1tin^  trvm  siidi  operations  an  aru  now  uodor 
CO nmil oration  was  pitlior  "  absulutu  "  or  "  psychirol " ;  by  vhich 
waH meant,  in  tho  first  instoucx'.an  inability  tu  bring  thpiniagee 
of  the  retina  into  ronticiousni'Bs,  and.  in  Ibo  second,  innbility  to 
interpret  visual  Ht-nsations  intflligontly,  tho  one  or  tho  other 
result  being  dependent  on  the  part  of  the  limited  visual  center 
that  was  removed.  This  may  he  regarded  as  perhaps  the  most 
extreme  form  of  sensory  localization  ynt  taught. 

Qoltx,  aB  a  result  of  his  latest  experimenla,  not  only  denies 
that  operations  on  the  occipital  lohe  are  peculiar  in  producing 
visual  disturbances,  but  points  out  that  these  lead  to8en9'>ry 
defects  overlooked  by  Mnnk,  This  observer  (Onltz).  as  a  remit 
of  comparing  a  dog,  with  both  anterior  cerebral  lobes  removed, 
with  others  from  which  were  removed,  in  tho  ono  caao,  Iho 
right,  and  in  the  other  the  left  oorrespondini^  ]mr1«  (anterior 
cerebral  lobes),  since  ho  finds  the  dug  with  buth  reiumved  ins 
worse  couditiou  than  would  be  represented  by  tho  joint  result 
of  the  addition  of  the  imperfections  of  the  other  two,  concludee 
that  one  cerebral  lobt-  may,  to  a  certain  extent,  Ijike  up  the 
functions  of  another.  In  other  words,  he  admits  localization 
l)ut  only  of  the  roughest  kind. 

A  view  advanced  by  Schiflf  deserves  probably  more  consid- 
eration than  it  has  received,  viz.,  that  motor  areas  are  so  related 
to  tactile  sensations  arising  in  different  parts  of  the  body  that 
when  the  former  are  stimulated  the  resulting  movements  are 
really  reflex — i.  e.,  the  stimulation  of  the  cortex  replaces  tlie 
afferent  sensory  impulses,  which  usually  are  associated  with 
the  movements  in  question. 

In  the  mean  time  it  has  been  found  that  in  many  cases  it 
was  passible  to  locate  the  site  of  a  brain-lesion  (tumor,  etc.)  by 
the  symptfims,  chiefly  motor,  of  the  patient ;  and  bnuR'Surgery 
has  in  consequence  entered  upon  a  new  era  of  development. 
Tumors  thus  localized  have  biion  removed  successfully,  and  tie 
patients  reittorcd  to  licallh.  As  n  result  of  the  various  kinds  of 
ob^rvuiious  and  discussions  on  this  subject  of  lato  years,  the 
localiztttionistfi  are  willing  to  admit  that  the  ar«es  of  tho  curt«x 
can  not  be  marked  off  mathematically— that,  in  fact,  they 
"overlap."    This  is  iu  itself  an  important  coucossion.    Again, 
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then  ia  loss  oonlidoiicc  in  the  location  of  tho  v'arious  soiisory 
oentiTs  tliiin  of  tin*  motor  ci'iitorit.  Most  iitvrtetit^atoni  aru  Iil>- 
lievera  in  a  "  motor  urea  "  pnr  excfUcuce  (for  the  arm,  log,  etc.) 
around  the  fissuro  of  Rolamio,  Tljis  view  is  now,  eo  far  aa 
man  ia  concerned,  widwly  owcepted. 

There  is  aKreemeiit  in  placing  the  sensory  centers  behind 
the  above- m en UonM  motor  area,  and  especially  in  the  occipital 
lobes.  The  tendency  to  locato  a  visual  center  in  this  ref^on  is 
awing  stronger,  Tliere  is  much  disittp-oement  as  to  the  other 
iry  cent«r.t  fonm-rly  plHCi-d  in  tin-  angular  gyru:^  muI  toni- 
phenuidal  lobi^s.  The  intolluctiinl  fucultii-K  havonut  b«on 
lixftfofl  in  any  imich  sousi>  m  Gall  and  hix  fullowiTs  attt.-mptL-d 
to  vstnbUsh.  TIk<  first  two  frontal  convohitiuus  are  thuso  [ht- 
haps  to  which  localization  has  as  yet  been  least  applied.  Chiefly 
on  clinical  and  pathological  gronnds  a  center  for  speech  has  long 
been  located  in  the  third  (left)  frontal  convolntion  (Broca's)  and 
parts  imnietliately  Whind  il.  It  has  been  observed  that,  when 
diseftS(4  attai'^ks  this  area.'speecli  is  intfrferod  with  in  some  way. 

Wo  may  sny  then,  generally,  that  the  tendency  at  the  present 
timo,  both  on  the  pnrt  of  jdiysiologii^ls  and  dinicul  ob»i'rvoi-s,  is 
to  admit  localization  to  i^onii-  degree  and  in  somi*  m'uko.  This 
has  bwn  tho  result  in  part  of  experiment<  on  the  dog  ami  os- 
pocially  on  thu  monkey,  combined  with  the  discussion  of  clini- 
cal eas^s  which  reaidted  in  death  (followed  by  an  autopsy),  or 
of  others  marked  by  a  successful  diagnosis  and  removal  of 
lesions  or  other  treatment.  In  other  words,  the  truth,  if  it  will 
be  reached  at  all,  must  be  reached  by  the  method  we  have  lul- 
vocated  throughout  this  work— the  diRcussion  of  the  results  of 
aa  many  dilTerent  methods  as  can  tte  brought  to  bear  on  this  or 
any  other  subject.  Neither  the  experimental  nor  the  pathologi- 
cal method  can  settle  such  complex  queBtions,  as  we  shall  en- 
deavor to  shiiw  when  wo  rotnrn  to  the  Buhjoct  later. 

Tlw  Ciroolation  ia  the  Brain. — The  brain,  being  inclosed  within 
in  lur-tight  bony  ciisu,  il^  circulutiou  is  of  necwssity  jH'culinr. 
Sincu  any  undue  cnmjtrossion  of  the  encephnlon  may  luul  to 
•nn  a  fatal  stupor,  it  is  clear  that  there  must  exist  Mtmc  pro- 
▼Mbn  to  p'-rmit  of  the  excess  of  arterial  blood  that  is  rei|uire<l 
for  iinuKual  activity  of  the  brain.  It  is  to  bo  borue  in  mind 
that  the  fluid  within  the  ventricles  is  continuous,  through  the 
foramen  of  Majendie  in  the  roof  of  the  fourth  ventricle,  with 
(hat  aurrounding  the  spinal  cord  (spinal  cavity);  so  that  an 
increaae  in  the  volume  of  th«*  etnophaliwi  in  consequence  of  an 
afflux  of  blood  might  bo  in  soniu  dL^rt-c  conijiensated  by  an 
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efflux  of  the  cerebm^^pinftl  fluid.  Tlio  {mrt  plnyoJ  by  thie  nr- 
rangHtnuut  has,  however,  lioeti  jiroljiibly  uvtirt.-sliinaU'd.  But 
the  peculiuri-  venous  »inii^-8  do,  it  is  likely,  snrw  to  retjulate 
the  hlood-»u[>ply ;  being  very  largo,  they  miiy  auswur  as  tem- 
porary overflow  receptacles  An  inspection  of  the  foatanelles 
of  an  infixiit  rev(.fftl!*  a  beating  corrc'spomliiig  with  Ihi"  pulse; 
and,  when  »  lurge  pitrt  of  Ihe  eraiiium  ii;  rumuviHl  in  uii  uaimal, 
a  plethysmograpti  uliows  h  rise  in  volume  correoponding  'with 
the  pulse  and  tho  rospiratory  movements,  as  in  the  case  of  the 
fnntanelles.  But,  bosides  thesf,  periodic  waves  of  contraction 
are  now  known  to  pass  over  the  cerebral  arteriea. 

Whether  the  latter  is  part  of  a  general  wave  traversing  the 
whole  arterial  system  is  as  yet  uncertain.  Though  there  is 
OOiulderahle  anastomosis  of  vessels  in  the  encephalon,  it  is  not 
equal  to  what  t.i.kes  place  in  many  other  organs.  It  is  well 
known  that  a  clot  or  other  plug  within  a  cerebral  vessel  is 
more  lieriiuis  than  in  many  other  regions,  which  is  ptirtly  to  be 
explained  by  the  lack  of  suflicient  anastomosis  fur  the  vascular 
needs  of  the  part«.  It  is  also  well  known  that,  lu  organs  which 
constitute  parts  of  a  relat*^  series,  as  the  different  diWsions  of 
the  alimentary  tract,  all  are  not  usually  at  the  same  time  vas- 
cular to  the  same  extent.  While  they  act  functionally  in  rela- 
tion to  each  other,  they  exemplify  also  a  certain  degree  of  inde- 
pendence. Such  a  condition  of  things  is  now  known  to  exist  in 
Iho  brain — i.  e,,  certain  areiis  may  be  abundantly  supplied  with 
blood  as  compared  with  others;  and  it  seems  highly  prol>ablo 
that  a  condition  of  equal  urtorial  tension  throughout  is  scarcely 
a  normal  condition.  Though  the  quantity  of  blood  contained 
withiu  the  vcsselx  of  the  whole  limin  ut  any  one  time  is  not  so 
large  as  in  some  other  organs  (glands),  yet  the  fort^^ing  facts 
and  the  rapidity  of  the  flow  must  be  taken  into  account.  The 
capillaries  are  very  close  ami  iibundunt,  in  the  gray  matter  ea- 
pecially;  and  it  is  to  be  borne  in  mind  that  it  is  chiefly  th«8a 
vessels  which  are  concerned  in  the  actual  metabolism  (nutri- 
tion) of  parts.  However,  the  chemical  changes  in  the  nervous 
sj-stem  bping  feeble,  it  would  appear  probable  that  it  ditos  itA 
work  with  less  consumption  of  pabulum  than  other  part«  of 
the  body.  We  wish  to  lay  stR-^  on  the  local  nature  of  vas- 
cular dilatation  in  the  brain  as,  it  greatly  assists  in  explaining 
certain  phenomena  about  to  Ir»  considered. 

Sleep. — Ob»ervation8  uiran  animals  from  which  portions  of 
the  cranium  had  been  removed,  so  that  the  brain  wiut  %-isibI^ 
show  that  (luring  sleep  thu  blood-vussoU  aru  much  lust)  promi- 
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nent  than  usual;  iiiid  it  is  well  known  thut  itiouns  calculated  to 
diminii^b  thu  circulntioii  in  tlio  hraiu,  as  culd  uiid  prutitmre,  favor 
sWp.  It  IK  also  well  (^UiIiHkIkxI  by  general  experience  that 
wttlulrawul  of  tliu  usual  ntFemnt  iiiipulsoit  through  the  various 
Musm  favors  sloop.  A  n.*markabl«  caso  is  on  rticord  of  a  youth 
whose  avenues  for  aimsory  improKHions  wt-ro  limited  to  one  eyo 
aad  a  liioglu  ear,  and  who  could  be  sent  to  sleeji  by  closmg 
these  sgainat  the  outer  world.  Yet  thi»  Hubject  after  a  long 
sleep  would  awake  of  his  own  accord,  showing  that,  while  affer- 
ent impulseB  have  undoubtedly  much  to  do  with  maintaining 
the  8Ctr\-ity  of  the  cerebral  centers,  yet  their  autoinaticity  (in- 
dependence) mti.'tt  al«o  b(^  recogninetl. 

It  is  a  matter  of  conanion  experience  that  wenriuoiss,  or  the 
exhau.st)oii  following  on  j>ain,  mental  anxiety,  etc,  in  Favor* 
able  to  sleep. 

A  good  deal  of  light  is  thrown  on  this  subject  by  hibema- 
lion,  particularly  in  niumniala 

From  Kpeciul  study  of  the  subject  wc  huvo ourselves  learned 
that,  however  temperature  and  certain  other  conditions  may 
influence  this  state,  it  will  appear  at  definite  perioiia  in  de- 
fiance, to  a  large  extent,  of  the  conditions  jn'evailing.  Hiber- 
nation, we  are  convinced,  is  marked  by  a  general  slowing  of  all 
of  the  vital  processes  in  which  the  nervous  system  takes  a 
prominent  part.  Sleep  and  hilx-rnution  are  closely  related.  In 
both  there  is  a  diminution  of  the  rate  of  the  vital  processes,  as 
sliown  by  the  income  and  output,  measured  by  chemical  stand- 
ards, with  of  Course  obvious  physical  signs,  08  slowed  respira- 
tion, circulation,  etc.  While  sleep,  then,  is  primarily  the  re- 
sult of  a  rhythmical  retaliation  of  the  vital  processes,  especially 
within  the  nervous  system,  it  is  like  hibernation  in  some  de- 
gree (in  the  lowest  creatures,  without  a  nervous  system)  the 
ontrome  of  that  rhythm  impressed  on  every  cell  of  the  organ- 
ism and  the  infltionoe  of  which  is  folt  in  a  thousand  ways,  that 
no  doubt  wt"  ur©  i|uile  unable  to  recognixe. 

Dreaminy  is  a  partial  activity  of  the  mind,  corresponding 
doubtless  to  functional  wakefulness  or  relatively  increased  ac- 
tion of  some  limited  part  or  parts  of  the  brain.  It  is  now  all  but 
oortstn  thai  these  parts  are  more  vascular — L  e.,  we  must  reckon 
with  a  localized  ^•a8c^larity  and  functional  activity.  If  this  be 
recognized,  almost  all  the  peculiarities  of  the  dreaming  state 
may  be  understood.  Dreams  usually  lack  some  elements  that 
(^ve  the  completeness  and  consistency  of  waking  thought — a 
matter  rea<liiy  understood.  a>s  well  as  the  unrest  of  a  dnumy 
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nigbt,  by  Iho  facts  abovn  coiittidoretl.  It  is.  moreover,  highly 
prubublv  thnt  tiot  only  rlifTcrt^nt  piirtit  of  thu  braiu  have  a  dif- 
ferent psyohicul  fuiietioii,  but  nlsu  that  in  any  one  chain  of 
thought  or  Htotf  of  ct>u8ciou8n(]<si(  only  a  certain  number  of  parte 
are  prominently  engaged;  and  that  what  is  termed  ronfusion 
of  mind  is  probably  n  result  of  the  activity  of  certain  other 
centers  to  a  degree  mmsiial — i.  B.,they  are  relatively  too  obtru- 
8)TO,  honco  that  balance  esaential  to  all  normal  activity,  psy- 
chical unil  other,  is  lost. 

Spcciulizatiou,  phyKiologicnl  divi»iou  of  labor,  holds  here  M 
elsewhere. 

Hypnotinn— By  the  help  of  the  above  principles  the  subject 
of  hypuotism,  now  of  absorbing  interest,  may  be  in  gnuit  i«iri 
explained.  This  condition  is  characterized  by  loss  of  volition 
and  judgment.  It  may  be  induced  iu  man  and  certain  otlior 
animals  by  prolonged  staring  at  a  bright  object,  a«si8t4^id  by  a 
cont^iitratiiin  of  tlie  attention  on  that  alone,  as  far  as  possible, 
combined  with  n  I'ondition  of  mental  |iii»i<ivity  in  other  respect& 
The  individual  gradually  becomes  drowsy,  and  fliutlly  falls  into 
a  state  in  many  rewpects  strongly  resembling  sleep.  With  each 
recurrence,  the  hypnotic  condition  is  usually  moro  readily  in- 
duced, and  porsonit  have  passed  into  it  in  the  entire  absence  of 
the  usual  procedure,  having  simply  been  told  that  they  would 
be  tliiis  affected  at  a  given  hour.  There  is  no  special  influence 
emanating  from  peculiarly  gifted  mediums,  and  most  pertwiU) 
may  be  hypnotized  to  a  greater  or  less  degree,  though  witli 
unequal  readiness. 

The  man  if  est  at  ions  are  very  variable,  but  are  usually  char- 
acterized by  oitlier  total  abolition  of  certain  sensory  percep- 
tions, by  their  cnfoebleraent,  or  by  one  or  both  of  these,  com- 
bined poiMibly  with  exaltation  of  others.  Tlius.  ameethesiji 
may  be  so  great  that  surgical  operations  may  be  perfonne<l 
without  consciousness  of  pain.  The  muscular  sense  may  be 
good,  so  that  the  subject  can  write  well.  He  may  smell  better 
than  usual,  so  as  to  be  able  to  detect  persons  by  the  odor.s  from 
a  portion  of  their  clothing,  like  a  dog.  There  may  coexist,  witli 
vision  for  form,  color-blindness.  Thesearetoberegardvd  mi-r*- 
ly  RHexumples,  from  uumberles.'<curiouscombinntious.  Agaia. 
the  alTccIiiin  of  sense  may  be  bilateral  or  only  unilateral. 

Hypnotism  proper  may  be  combined  with  cataUjKty,  a  con- 
dition in  which  the  timbs  remain  rigid  in  whatever  conditioo 
they  may  he  placed.  ModiBcalions  of  Iha  vascutarand  respira- 
tory systems  occur.    Other  auimuls  have  beeu  hypnotixed,  i 
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mo  fowl,  PAbhit,  Guinea-))ig,  CPAyflsh,  rrr>g,  etc.  This  condition 
i»  rwidily  ii;iiuc«i  in  thn  common  fowl,  moro  uspKciully  tlie 
wildor  iiidivirhinU,  by  lioldinK  tliw  crcuture  witb  thu  bill  down 
i>n  a  tjiblu  and  thu  wbulu  imiiaal  jtorfinrtly  quiet  for  a  short 
time.  Upon  tho  removal  of  thu  prt'ssure  tho  bird  remains  per- 
fectly pBSsivo  and  apparuntly  ask'up  for  some  little  time. 

Tho  subject  of  hypnotism  and  allied  conditions  ha.«of  lato 
ret-eived  close  attention  from  a  lar^e  number  of  obsorvors. 
AmonK  other  surpriains  i-psults  as  the  eoiuw-quenceof  "  liypnutic 
su^cjjestion,"  certain  pathdloKical  elTecrta  Imve  bwn  produciHl: 
thus,  placing;  a  piece  of  tiRxue-pajwr  on  the  skin,  with  tho  sug- 
gestion that  an  actual  blisti.-r  ix  buin^^  applied,  liuis  resultt>d  in 
the  usual  etfH'ts  of  suoli  trwilmont. 

Sotnnamhiilijfm  i8  very  similar  to  hypnotism.  Individuals 
havu  buon  kuuwn  to  walk,  rtdu,  climb,  go  upon  a  journey  and 
pay  toll,  and  also  to  perform  their  onlinary  avocatinns,  A 
student  has  been  known  to  write  a  sermon,  reiui  it  over,  and 
make  con'octions,  and  when  a  pifHoe  of  pnstoboard  wait  placud 
Iwfore  ]ii»  eyes  this  ntill  went  on,  showing  that  the  images 
wen*  menlnl. 

Without  beiug  ai^tuully  hypnotized,  by  careful  oliservatioii 
of  onn's  ojcpfritfuccB  for  &  considerablu  period,  one  may  catch, 
as  it  were,  tlio  r<.vilixHttoii,  at  ilifFen^'nt  times,  of  the  various 
phenouiena  that  ohurnck-rize  the  hypnotic  condition,  even  to 
d«tailM — though  not,  of  course,  in  that  complex  combination 
which  would  rL-^'ult  in  hucIi  partliil  or  complete  loss  of  conscious- 
neiis  as  iintrks  the  actual  condition ;  for  in  that  case  observa- 
tion would  Ihj  very  difficult,  if  not  impossible.  To  illustrate  our 
meaning  briefly,on«  may  walk  a  considerable  distance,  noticing 
absolutely  nothing  eouscinusly,  but  wholly  absnrlMMl  in  one 
idea,nr]io8!<ibIy  without  any  distinct  train  of  thought.  In  Ruch 
a  case  there  is  neither  vision,  hearing,  nor  tactile  sensation  in 
the  ordinary  nense.  The  person  is,  in  fac-t,  for  the  time  pi'acti- 
cally  in  the  somnambulistic  condition  or  one  closely  allied  to  it^ 
There  «ro  times  when  vision  is  in  abeyance,  or  only  one  eyo 
IjUd.  Though  apparently  looking,  w«i  do  nut  ««>.  The  sensory 
perception!^  from  the  sk'ui  may  Ix;  so  purely  uuibtteral  that  the 
other  side  is  practically  tiiiit-wthetic  fnnu  close  attention  to  the 
condition  of  one  side.  All  are  familiar  with  unilateral  vaso- 
motor effects,  such  as  the  redness  and  "'  burning"  of  one  cheek 
or  one  ear,  anil  so  of  many  other  experiences  that  might  be  re- 
feri-wl  to  did  space  permit.  Such  realizations  furnish  the  highest 
kind  of  knowleilge,  we  might  say  the  only  true  knowle<lge. 
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Pfttboli^  tthiKis  »ome  lifj;ttt  on  this  KuUjoc-l.  lu  <li««a«os  of 
the  nifniliruDi-it  of  thu  brain,  uU  thv  iwnMrry  phi'nuiiiPDii  mny 
l)p  so  heiKhtcned  as  to  hucomc  painful.  Slight  sounds,  a  little 
light,  fepble  vnhrations,  a  gentlo  touch,  all  pive  rise  to  effects 
out  of  proportinn  to  the  usual  onra.  From  the  close  proximity 
of  thcBf  inemhranps  to  the  cerobri-.l  cortpi,  we  may  atwume  that 
they  arv  alTtiVted.  This,  together  with  thi'  results  of  stimula- 
tion and  n>niovfil  of  the  snrfnce  of  thv  brain,  brings  us  somo 
way  on  toward  an  oxpIaoAtion  of  »k>t]i,  (ln^«miug.  hibornntion, 
hypuotism,  and  corobml  loeiilization  itself. 

One  physiologist  has  given,  as  au  explanation  of  hypnotism, 
etc.,  inhibition  of  the  cells  of  the  ceii-hral  cortex,  and  this,  with- 
in limits,  is  no  doubt  truo.  The  facts  of  hypnotism  and  allied 
phenomena  seem  most  of  all  to  uniphasize  the  dependence  of 
the  central  cells  when  acting  normally  on  afferent  impul»e& 
But  we  have  already  dwelt  on  this  important  subjoct  suffi- 
ciently to  render  our  meaning  clear. 


CkRRBKAL    L<l<;At.IZATI<>N    HRCONSIDKRED. 

An  examination  of  tho  phenomena  of  the  states  recently 
considered  can  loave  no  doubt  tu  the  mind  that  certain  part«  of 
the  brain,  even  certain  portions  of  the  cerebrum,  may  !«■  active 
while  tliR  remaining  ones  are  in  abeyance  or  but  feebly  en^ngiil ; 
and,  OB  has  Iwen  seen,  our  every-day  experience  is  an  illustmtion 
of  the  same  fact.  The  circulation  in  the  brain  points  clearly  to 
itfl  Iwing  a  collectimi  of  organs,  with  a  certain  degree  of  inde- 
pendence. It  is  therefore  unreasonable  tons;<umo  that  all  parts 
of  the  cerebral  cortex  discliarge  e(|imlly  the  same  functions. 
On  the  other  hand.  It  18  just  fUi  uiiwarruii table  to  assume  that, 
in  the  face  of  all  the  facts  of  phywiolo^ry  n^  now  Icnnwn  to  us, 
tlieni  are  very  preci«ely  limited  ari'jis  with  as  exactly  restricted 
functions  discharged  independently  of  all  the  other  parts.  As 
we  have  f  rc<|nL'ntly  insistod,  the  functions  of  an  organ  are  alone 
normal  when  in  proper  relation  to  all  the  parts  with  which  it 
is  connected — that  is,  in  fact,  with  the  entire  body.  We  learned 
thjit  any  conclusions  based  on  artificial  6stiila>  of  the  digestive 
organs  could  lie  only  approximately  correct  at  best,  and  might 
bo  very  far  from  the  truth  in  the  sense  to  which  we  now  refer. 
To  assume  that  there  is  only  one  path  by  which  certain  classes 
of  impulses  viusf  travel  in  the  spinal  cord  has  been  shown  to  be 
unwarranted.  Therefore,  to  argne  that  because  the  removal  of 
a  certain  portion  of  the  brain  either  is  or  is  not  foUowe<l  by 
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If  it  bo  true,  A8  it  uiKiuPstionnbly  i.s  Hint  a  ccrtuin  re^on 
of  tho  curlox  or  other  portion  of  tlio  bruiii  is  normal  only  whun 
in  relatiun  with  othcT»,  it  fuHows  thut  more  rumuvti)  cun  not 
entirely  solvy  euch  problwius  as  tho  function  of  the  different 
parts.  Nor  does  it  follow,  becaut«>  a  localization,  meeting  the 
nmids  of  practical  medicine  and  surgery,  has  been  (established, 
that  therefoi'e  we  are  justtlied  in  ai^umiitg  that  a  scientific  lo 
cnliKation  reRts  u)>on  the  same  groundii.  Any  theory  that  fails 
to  rocOjifnize  both  the  interdependence  of  parts  ami  the  reaoiircea 
of  nature  in  mibstitntiiit;;  one  part  for  anotbor  functionally, 
ovcrlijoks  principles  of  very  wiiio  application  in  biolof^y.  We 
must  express  our  conviction  that  nuitliur  ablution,  stimulation, 
pathological  observation,  tho  reHultti  of  surgical  interference, 
nor  the  facts  of  clinical  mudicine,  can  any  of  tliem  nngly  settle 
such  questions. 

The  comparative  method  has  been  aa  yet  but  little  used. 
Conclusions  in  regard  to  the  monkey  have  been  applied  not 
only  to  man  but  other  animals;  and  that  the  experini^nts  \i\Km 
dogs  should  result  in  changes  or  the  absence  of  changes.  1o 
which  there  is  no  correspondence  in  the  monkey,  has  hardly 
been  recognized  as  it  should.  It  is  only  by  the  synthetical 
method,  as  we  have  so  often  urged,  that,  even  an  a]iproximntion 
to  the  truth  or  a  part  of  it  can  be  attained,  Rctiults  from  ono 
method  or  another,  taken  alone,  may  be  poMtivcly  misluadhig, 
unless  interpreted  in  the  light  of  many  other  facts.  Tlie  in- 
tt-rpivtatioii  is  the  difficult  portion  of  tlio  t<isk  in  thy  Bludy  of 
localization ;  but,  before  we  are  prepared  to  formulato  a  correct 
and  coniiii-ehensive  theory,  wo  miint  begin  lower  in  the  animal 
8onle.  extend  observations  over  a  large  uumtxT  of  animals,  and 
complete  these  by  patlioli>gtcnl  and  clinical  observations  on 
man  and  other  maiiinials.  If  tho  spina]  curd  becomes  func- 
tioniilly  wliat  it  in  in  any  case  lurgi'Iy  through  the  life  ex|>eri- 
onces  of  the  individual,  this  must  also  apply  to  the  brain,  hence 
wo  mu«t  look  for  individual  as  well  as  group  differences. 

The  loBS  of  itpcoch  (aphasia),  in  consequence  of  lesions  in  the 
left  third  frontal  convolution,  was  formerly  pointed  to  ni<  un- 
doubted evidence  of  localization ;  but,  the  more  this  subject  lias 
been  atu<lied,  the  more  cleai'ly  it  has  lK«n  ])erceivod  that  eveo 
in  this  caso  tho  thooric!^  of  s  rigid  localization  break  down. 

Tlie  spoeoh-centcr  bos  had  its  boundaries  extended;  and  it 
turns  out  that  a  vast  complex  of  connections  must  be  consid- 
ere<l,  many  of  which  are  not  cun&nod  to  the  third  frontal  con- 
volution or  its  nuighburhoud. 
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Tliere  is  a  kind  of  exiierimoutal  evidence  that  throws  a  goot] 
Am\  of  li^ht  on  the  present  discuBsiun.  It  iB  found  that,  when 
cvrtAiii  dnif!:^  hnve  been  adniinif^tered,  the  irriUihility  of  tbo 
cortex  ix  either  increased  or  Uiniini»hed,  accoi-ding  to  the  stn^ 
of  action  of  the  drug  (morphiiH  etc.).  It  is  n<it  inipoiNtihle 
thut  L'piK-ptifiirm  convulsions  may  result  fi-oni  the  n)))ilicntion 
of  a  tilimului^  of  uhuust  any  I'tn.-nglh,  though  this  n-sult  does 
Dot  follow  whoa  the  elwtrodos  are  applied  to  the  underlying 
white  substance.  The  disease  epik-psy  has  W-n  known  to  fol- 
low injuries  to  the  cranium  or  the  braiu  membranes,  in  conse- 
quonco  uf  which  the  (-ells  themselves  of  the  cortex  have  been 
Altered  in  function.  Moreover,  the  epileptiform  movements 
may  ho  in  such  coist^  confined  to  certAiii  musclt-s.  thus  pointing 
to  a  motor  localization.  If  a  muscki  contraction,  us  the  rosult 
of  stimulation  of  a  motor  area  (tho  animal  buiitg  under  the  in- 
fluence of  morphia),  be  recorded  by  tho  graphic  method, and  the 
sciatic  nerve  then  divided,  in  repeating  the  original  experiment, 
it  will  be  seen  that  the  whole  character  of  the  curve  is  altered, 
the  latent  period  having  been  lengthened,  and  tho  height  of 
the  curve  lessened.  This  points  to  an  inhibitory  iufhu^ncu  exer- 
cised over  the  cortical  motor  cells,  by  afferent  inlluences,  and  we 
are  at  once  reminded  of  Schiff's  theory ;  but  most  of  all  ilo  such 
experiments  onforce  that  close  relationship  of  all  parts  of  the 
body  which  finds  its  reflection  in  the  brain  cortex  as  elsewhere. 

We  hav«  dwelt  upon  the  subject  of  ceritbral  localisation  at 
length,  hecuusu  of  itjt  great  practical  and  scientillc  importance, 
not  aloue  for  me«iiciuL-  and  physiology,  but  in  the  allied  depart- 
ment of  i>sycho]ogj-.  In  conclusion,  wc  may  fX|irtiss  the  view 
that  there  is  in  the  cerebral  cortex  a  locjilization  of  function, 
Tuiable  for  each  group  of  unimaU,  and  to  fiome  extent  for 
ch  individual ;  that  it  is  not  of  a  character  to  be  mapped  out 

mathematical  lines;  that  in  case  of  disease  or  injury  one 
part  may  to  a  certain  extent  take  up  the  functions  of  another  j 
that  the  functions  of  any  part,  however  limiteil,  are  only  to  be 
understood  when  tjtknn  in  connwtiou  with  all  otlit-r  parts  of 
the  cortex, of  tlie  bmiii,  and,  in  fact,  of  the  entire  body.  These 
Tiew8  we  beliuve  to  Ix-  borne  out  by  the  facts  of  physiological 
oxperimuut,  clinical  medicine,  operative  surgery,  pathology, 
sleep,  droaming,  hypnotism,  the  nature  of  the  cerebral  circu- 
lation, and  the  general  truths  of  biology. 

Cerebral  Time. — We  have  already  considered  cerebral  reflex 
time,  and  now  proceed  to  examine  into  the  period  occupied  by 
a  mental  operation  involving  attention  aJid  volition. 
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Wlieu  a  iiiibj<>ct  Diakcei  luime  eiffnal  in  response  to  a  stima- 
Iu8.  vo  racogtiize  three  parts  to  the  entire  chain  of  ownts:  I. 
Tlif  ti»K'  oci;upi(Hi  in  the  paftsape  of  the  affefpnt  impulws  in- 
ward uloiiy  r.iTlaiii  lengths  of  nerve  fi-om  a  peripheral  eense- 
urgan.  i.  Tlit»  time  t«l(on  up  by  the  prfK-cssi^t  of  the  central 
fells  before  the  cffi-n-iit  ntTVoiin  liischnrge  takes  place.  3.  The 
time  fonsumi-J  by  the  piut-snge  of  the  ffTeroiit  impulws  from 
the  center  to  the  muuclo  involvctil.  The  whole  interviU  is  termed 
the  readion-tinif,  while  tlio  sucoiitl  constitutes  the  reduced  re- 
aciion-dme, 

Aa  the  first  and  third  probably  vary  but  UttU-,  it  i»  highly 
probable  that  the  difference  iu  the  rt.'aetiou-ttmc  obsiTvable  in 
different  individuals,  and  very  much  moilifiud  by  the  condition 
at  (ho  moment  (as  fatigue),  and  espeeially  by  practice,  us  tra«'e- 
able  to  the  central  cells.  In  popular  lanKUage,  some  persons 
nre.na  com^tared  with  others,  slov  thinkers.  This  factor  is  the 
"personal  ecjnation,"  so  called,  Theit*  are,  of  course,  many 
sources  of  error  in  such  caleulatiorLS.  but  approxinmte  ittsulls 
of  value  may  be  reached.  It  would  np|>OAr  that  the  remcttcm 
period  for  tactile  is  shorti-r  than  for  vi:^ual  or  auditory  sensa- 
tions, while  that  of  vision  is  longer  than  for  huuring.  Th« 
respective  peri<Kls  have  beuu  si-t  down  as  about  f  of  a  second 
fur  vision,  ^  for  audition,  and  ^  for  feeling. 

The  central  processus  may  bo  i-eckonud  to  take  (for  percep- 
tion and  volition)  about  ^  of  a  second. 

If  disL-riminations  have  to  be  made — so  as  to  decide,  e,  g., 
whether  it  U  the  right  or  the  left  side  of  the  body  that  has 
Ix-en  touched — a  longer  time  i.s,  of  courst',  requin-d.  and  the  re- 
action iwrifHl  in  this  case  also  varies  greatly.  Il  has  Iieen  set 
down  as  occupying  from  A  to  \  of  a  second.  From  these  con- 
siderations, it  will  bo  plain  Ihiifthe  lishtning-like  rapidity 
of  thought "  is  a  ratliur  extruvagunt  figure  of  speech. 


Functions  op  other  Portions  op  tub  Brain. 

Certain  parts  of  the  enceplialon  are  sjwken  of  as  llio  basal 
gangli.-i,  prominent  among  which  are  the  corpus  striatom  and 
the  o]>tic  tbalainuR, 

The  Corpoi  Striatam  and  tli«  Optic  Thalamu.— The  corpus 
striatum  coiisist.s  i..f  wvi-rul  pEirl.H,  the  main  divisions  lieing  an 
intra- ventricular  jjortion  or  caudate  nucleus,  and  an  extra- 
ventricular  part  or  lenticular  nucleus. 

Between  tlio^u  lius  the  internal    capsule,  tlirough  which 


Fid.  98— Tmnivpnp  iKtion  ot  crn'iiral  hriiitsiihrrH  M  tficl  of  enrtnl  nnaUa  (after 
DnllODi.  I.  Kmt  I'inuKiiilIruil  Itaiiri- :  1L  pari  i>r  Mimf  lifiHuru  MsrlialUI  htbM :  S.  aalerior 
pan  vf  ixinmaialhfuirn  ;  i.  Ilviin- <'f  Nvlvliu  ;  r,,  i-iiiiVf>Miiiniti>f  IktandnC  Hrli  diwulft';  0, 
(•UiUcr  nui-lriw  (if  mrinia  «lfUiiiiiii :  7,  ■■-ni  inilnr  nui.'li'<u  iif  owpu*  MrtBiiiiii :  ti.  npUa 
ih4laianu;  B,  ini4-nul  vaptule ;  lo,  eiunuU capduli! :  i).  cliiiwtnim. 

Patbolo^y,  especially,  has  ebown  tlint  a  U^sion  of  the-  intra* 
vc utricular  portion  of  the  corpus  Klniitum,  and,  above  all.  of 
the  iutortiul  capsuk',  is  followed  by  fiiiliin-  of  voluntary  iiiovc- 
uiout  (akiiK-siBj.  It  vrotild  appear  that  a  (front  part  of  tliu 
flbora  from  thf  motor  avva  around  the  fissure  of  HuhiTiiln,  pass 
throiig:h  tho  intra-vf^ntricular  parts  of  the  corpus  striittuiii.  nnd 
WpeoiaUy  Ua  int4.'rnnl  capsule.  But  it  is  also  lu  hv  buruu  in 
mind  that  a  larne  part  of  the  filers  puseinK  from  thu  cortux 
inaku  connection  with  the  cells  of  the  corpus  btriatum  boforo 
roacbing  the  corrl.  These  facts  render  the  occurrence  of  loss  of 
liiiitary  motor  power  compreheiiBihle.  , 

The  tiburs  of  the  peduncles  of  the  brain  may  be  divided  into 
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Kn  interior  or  luwer  liivwion  {crusia),  going  mostly  to  the  mr- 
jms  striatum,  atnl  u  postorior  division  {fegmenhim),  puEsiug 
in-iiifipally  to  tht-  ojitic  lltitlmi:  inatiy.  possibly  mo«t  of  tbuni. 
ultiiimt4<ly  i-oiK'h  tli«  cortt-x.  Mitny  clinical  oliservers  tio  not 
htmitAtH  til  speak  uf  the  optic  thnltimus  as  setiiiory,  iu  function 
and  th«  corp»»  striatum  as  motor;  but  the  Hinical  «n<l  patho- 


I  fci.  9B,  -  Tnn>Tiinir  Bwiton  or  hiimui  hraln  (iUft  IMUml.    Tlilaaud  tbf  pivoMlInK  Bfnra 
-'-  •n>»iiiii'wliitlUlaxr»miiiBilC-    1.  pniw  Varolii :  ).l.crur«  <pfvbrf  :  S.  t,  Inlnrtwl  MpMfc : 
i,  4t  curvnii  nullata ;  A.  alMu  (linlaiiKW :  t.  liuUciikr  nuclBiu ;  T,  coipui  caUonim. 

logicjil  L'vidunru  i»  t.'oiillicting — ull  liTsions  of  thusi*  pnrt«  not 
being  followuil  by  Ions  of  wnsiitioii  ami  motion  rc«i)fctivr'Iy; 
though  un  injury  t^t  the  inu-nia)  capsule  generally  results  in 
IJiirntysiN.  All  ufL'  agreed  that  thu  Hj'mptoms  are  manifusted 
on  the  s'lilv  of  the  body  opposite  to  the  side  of  Hit)  lesion,  so 
that  a  di't'usHition  must  take  place  somewhere  butwoun  tho 
gajlglioii  and  the  ]H.'riphery  of  the  liudy. 

There  is  no  doubt  that  the  optic  thalamus,  ospocially  ita 
posterior  part,  is  concerned  with  vision,  for  injury  to  it  is  fc»I- 
lowed  by  a  greater  or  loss  dcgit*  of  dii«turl)iaiict?  of  this  func- 
tion. As  has  been  n]ri'ft-.ly  pointe<]  out,  unilatoml  injury  of 
either  of  those  ganglitt  IcikIs  to  inco-ordination  or  to  forood 
movements.  That  tlieso  ivgionri  m-t  some  intermixliate  part  in 
the  traiistni.sHii.in  of  iinpuliien  to  nii<l  fri>m  the  bniiii  L-ni-tcx,  *nd 
thtit  the  anterior  one  is  coDci-nii^l  with  motor,  and  tlie  poft- 
t«rtor  pmotibly  with  seiiw>ry  (tactile,  etc,),  luid  oortninly  with 
vi:<ual  impulses,  may  be  stnted  wtth  some  oi'niidence,  though 
further  JuluiU  are  nut  yet  u  subject  of  gviierul  ugrevmeuU 
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Coipon  Qn&drigemint. — The  function  of  the«i>  parts  in  vision. 
06  in  the  co-uriiiiiiitiou  of  the  raoveineuts  nf  the  ocular  muitvles. 


Flo.  W— niBKnuiiinatir  »|»ii«i maUon  of  bnUn  nn  Ifaanmwi  boUod  to  lllmtrair  ivnitw 

of  flbM  ian«  Ijuulolii    C.  C.  wirti-i  ccn-hrE ;  C. »,  ixrpu*  iilrii»lnin ;  .V.  I.  I.'iiilfiilnr 

fiiji^Ji-iu  :    T  'I,  ojHic  UuUiuiiu*  L   /*,  pf>luni-li» ;   H,  1fl|ETn*Dluiii :   ft,  i-rwJii :   I'.  riiriHifm 

fjiuKtnir^iiiiiiji ;  1.1.  urtrrtdn  nultnlji  ^ifL-Mrpii*  iiirlatiim;  t^i,  of  Wnuciiltu  ikj^Imiih:  IX/i.  ftt 

ojilli'  iiittlntniiii:  I,  *.  ri(  isdix'n  <|iiiirlntf  ■ml"" ;  a.fllrrrt  Imrn  lo  o>rt.^  I'm-lirt  iriwh- 

,nti.^<i.  nbm  riKoi  corpora  <)iiMrtjciimlM  to  Icffmniniiii :  n.  runtji-r  wunv  <il  ibccr 

I  <Grr« :  *.  t.  ni-rn  from  tortm  (utuum  and  lenticular  mKlaiu  lu  itiimh  of  priiuucJr  ur 

',  (Rfvbnim  :  J(.  f  un.lu-r  Foam  of  UwMi  AK  oaur*B  ef  matarj  flbvn  ;  K.  iJiumtt/nn  mv- 

Uon  rif  itplimt  mrd  ;  i\  H*.  anl^rlor.  uiil  h.  IT,  postrrlor  root*:  a.  41.  fTnU^ni  uf  avKKiaUMi 

nbtn :  r.  r,  DomnilBiurat  dber(. 

and  ihoir  rolations  to  tho  movomi-nts  of  tlie  pupU,  will  bo 
oousiilurcil  ]aior,  HowovtT,  the  uotual  «'iit«rs  for  thost'  func- 
tions swm  to  lie  in  thu  anterior  portion  of  the  floor  of  tho 
aqueduct  of  Sylvius,  and  are  indirectly  affect«<l  by  stimulation 
of  tho  ourporo  quadrtgemina.    Extirpiitiou  of  these  parts  on 
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one  side  produci-s  blindness  of  the  opposite  pye,  and  in  birds, 
etc.,  the  saniv  rcHiiIt  fullowa  whoii  their  homolognea — tlie  optic 
lobes — are  similarly  treated.  There  cnn  he  no  doubt,  therpfore. 
that  tbpy  are  a  port  of  tlie  wntrol  norvouB  machinery  of  vision, 
snd  it  sepms  to  be  probable  that  the  anterior  parte  of  the  cor- 
|K>ra  quaiiriRpmina  alone  have  thin  visual  function.  But,  since 
it  is  thp  opposite  pye  that  is  affected,  and  in  some  animals 
(rabbits)  that  alone,  we  are  led  to  infer  a  decussation  of  the 
optio  fibers,  or  at  least  of  impulses.  In  do^s,  on  the  other  hand, 
the  crossing  seems  to  be  but  partial.  From  the  fact  that  only 
ft  part  of  the  visual  lipid  is  wanting  (hemianopsia — i.  p.,  that 
only  the  half  of  the  usnal  field  of  view  is  visible),  and,  since 
thoru  may  \t«  hominnopsia  of  lioth  eyes,  with  unilateral  diseitse 
of  the  brnin,  it  has  been  inferred  that  in  niiin  the  decmiwation 
is  also  incomplete.  We  may  remark  incidentally  that  it  hiu 
lately  been  maintained  that  removal  of  one  oecipiuU  lol>c  in  the 
monkey  lewis  to  heniinopsia  of  the  opposite  eye.  Thcwe  |Kirts, 
as  we  have  alreaily  seen,  take  some  share  in  the  co-ordiimtiuii  of 
muscular  movements,  and  give  rise  to  forced  movemeDt«  after 
unilateral  injury, 

It  begins  to  appear  that  there  are  several  parts  of  the  brain 
concerned  with  vision.  After  removal  of  almost  any  i)art  of 
the  cerebral  cortex,  if  of  suEGcient  extent,  vision  is  impaired. 
We  may  say.  then,  that,  boforo  an  object  is  "  seen  "  in  the  high- 
est spnse.  processes  beginning  in  the  retina  undergo  further 
elaboration  in  the  corpora  tiuadrigemina,  optic  thalami,  and, 
finally,  in  the  cerebral  cortex.  We  may  safely  assume  that  the 
part  played  by  the  latter  is  of  very  great  inii>ortanre,  making 
the  perception  assume  that  highest  completeness  which  is  of 
very  varying  character,  no  doubt,  with  different  groups  of 
animals.  In  a  sen-ie,  all  mammals  may  see  alike,  and,  in  an- 
other si^nse,  they  may  see  things  very  differently;  for,  if  wo 
may  judge  by  the  differences  in  this  respect  between  iiJuvati-d 
an<l  uneilucated  men,  the  great  dissimilarity  lies  in  the  inter* 
preLation  of  vi'hat  is  seen ;  in  a  word,  the  curt«>x  has  U>  do  witfa 
the  perfecting  of  visual  impulses.  Nevertheless,  a  break  any- 
where in  the  long  and  complicated  chain  of  procps.se8  must  lead 
to  some  .'terious  impairmpnt  of  vision.  Much  of  the  same  sort 
of  ronsoning  applies  to  the  other  senses  and  also  to  speech. 

To  sjwttk,  therefore,  of  a  visual  center  or  a  speech  ctfntcr  in 
any  very  restricted  sense  is  unjustiHahlc;  at  the  sanio  time,  it 
is  becoming  clearer  that  there  is  in  the  occipttoi  lobe,  rathpr 
than  in  other  |>urls  of  the  cortex,  an  ami  which  tuJciti  a  pecul- 
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'  Ati^l  special  Rhare  in  elabnrating  rifiuAl  impulsefi  into  vUnnl 
90ti»)utititi.'4  am)  porcnptions ;  and  ihi^re  can  ht>  littlf;  iloubt 
that  the  other  sotixos  ftre  roprosoiit*(J  similarly  in  tho  riTobral 
corU'X. 

The  Cerebellum.  —  Butli  pliyirioloffical  and  imthological  re- 
HATtfh  puinl  Lu  the  f-Hinclusion  that  the  (X-rt-lKOlum  has  an  im- 
portant share  in  the  co-ordination  of  muscular  movonients. 
Ablation  of  part«  of  the  organ  leads  to  fUsordered  movi-moiits ; 
and,  when  the  whole  in  removei]  in  the  bird,  co-ordinnliun  ik 
all  but  impossible,  and  the  same  holds  for  mamntal».  Section 
of  the  middle  pe<liincle  of  one  »ide  ta  liable  to  give  rise  to  roll- 
ing foired  movcnient-t.  !n  fact,  injury  to  the  cerelielhim  cnuaoe 
Byniptoias  very  similar  t<i  thow  following  scftion  of  Iho  somi- 
oirculnr  canals.  if<>  thtvt  ninny  have  thought  that  in  the  latter 
CB«>  tht'  fori'bt'lluni  had  itself  been  injured. 

PathologicaL — Tuuioni  and  other  lesions  fretjuently,  though 
not  invariably,  give  rise  to  unsteadiness  of  gait,  much  like  that 
affecting  an  intoxicated  person.  It  may  safely  be  said  that  the 
cereliellum  takes  a  very  prominent  share  in  the  work  of  the 
muscular  co-ordination  of  the  body. 

As  has  already  been  [minted  out,  several  tracts  of  the  spinal 
cord  make  connection  vith  the  cerebellum,  and  it  is  not  to  bo 
forgotten  that  thiii  part  of  the  brain  haH,  in  genera],  most  ex- 
tensive connection!)  willi  other  regioni*.  In.itillicif'nt  nludy  has 
iS  yet  Imh-u  given  to  the  coreUdluiD,  and  it  is  likely  that  the 
part  it  tak{s  in  the  functions  of  the  enceplialon  is  gi-eiUer  than 
1)08  yet  l)een  nMidennl  cleai'.  The  old  notion  ttutt  this  organ 
bears  luiy  direct  relation  t«)  the  sexual  functions  neenis  to  be 
vithoiit  foumlation.  It  has  now  beon  clearly  diunonstrntud 
that  the  lower  region  of  the  spinal  conl  is,  in  tho  dog  and  prob- 
ably most  mnmmals,  the  part  of  the  norvif-cvnters  essential  for 
the  sexual  priiceKs<-s. 

Crura  Cerebri  and  Pons  VaroUL — As  has  been  already  noted, 
the  peduncles  (onirn)  are  the  paths  of  impulses  from  certain 
parts  of  the  cerebral  cortex,  the  basal  f^iuiijlia,  and  tho  spinal 
cord.  The  functions  of  the  gray  matter  of  the  crura  are  un- 
known. Hut.  since  forced  movements  ensue  on  unilateral  sec- 
tion, it  is  plain  that  they  also  have  to  do  mth  muscular  co- 
ordination. 

The  traneverse  libers  of  the  pons  I'arofi*  connect  the  two 
halves  of  the  cerebellum.  Ita  lon^tudinol  fibers  have  extensive 
oonnecti<ins< — the  antprior  pyramids  and  olivary  brxlies  of  tlio 
medulla,  the  lateral,  and  porluiits  nUo  a  part  of  the  postofii 
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coiuTniu  of  tho  coTxl,  whilu  upward  thuw.'  fibers  connect  with 
thw  cnirn  ci-n-liri  iviul  i«>  witb  lln'  i-orlt'x. 

Pathologual.— PanilyKiK  uf  llie  face  usually  occurs  on  tJie 
sauK'  nidv  a«  tliul  of  tliy  rfntl  of  the  body ;  hence  it  must  be 
inferred  that  there  is  a  decumation  aomewhere  of  the  fibers  of 
the  facial  nerve;  but  there  iB  much  still  to  be  leamefl  alHtiit  thU 
sabjwt. 

Mtdnlla  Oblongata. — In  ftome  aniiimlfi  (frogs)  it  is  certainly 
known  that  tbiti  re^nn  of  the  br^n  hiis  a  co-ordinntinK  func- 
tion, and  it  if  iii'ol>at>lf  that  it  is  concern^l  with  .^u<-h  a»eH  in 
nil  niuiunU  tlmt  {)os»(.'«8  the  orgnn,  or  rathor  collection  of  orgaJU, 
swing  tliat  thiti  \iarl  of  tin-  bruin  uuimI  Ih'  nwirdt-d  a*  i-siR-ciully 
a  maait  of  centers,  the  functions  of  which  have  bet-n  already 
coasiderod  at  length.  So  long  as  the  medulla  is  intact,  life  may 
continue;  but,  except  under  sjtecinl  circumstaDces,  wbich  do 
not  invalidate  this  general  statement,  its  destruction  is  followed 
by  the  death  of  the  animal. 

We  may  simply  enumerate  the  centers  that  sr«  usually 
localod  in  tbp  inodulla:  The  respiratory  (and  convuUivw),  cai^ 
dio-inhibitoiy,  vasn-mutor,  center  for  deglutition,  center  for 
the  movements  of  the  gidlol,  stomuch,  ctv.,  nnd  the  vomiting 
center;  c«nt«r  for  the  xecretion  of  8nli%'a  imd  possibly  other  of 
tbv  digestive  fluids.    Some  add  a  diabetic  aad  other  centers. 
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Smbryologioa]. — Tlio  further  we  progrsss  in  the  study  of  the 
nervous  system,  the  greater  the  significance  of  the  facts  of  its 
early  development  becomes.  It  will  be  remembered  that  from 
that  uppermost  epibtaslic  layer  of  cells  eo  early  marked  off  in 
the  blastodenn,  is  formed  the  entire  nervous  system,  including 
centers,  nerves,  and  end  organs.    The  brain  may  be  regarded 
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as  a  specially  differeiitiutud  part  uf  the  anterior  region  of  the 
medulliiry  ifroove  anil  its  KulxlirisioDs;  and  llie  dose  relation 
of  tlie  eye,  ear,  tttc,,  to  thu  brain  in  tlieir  early  origin,  is  not 
without  special  moaning,  wlUle  the  more  diffused  senBory  de- 
Telnpnifntii  in  tlie  skiu  connect  the  hijjher  animals  closely  witli 
the  UiwiT — oven  the  lowest,  in  wliicli  senRation  isalnioet  wholly 
rcforahlo  to  tho  surface  i»f  tlio  lK>dy, 
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Without  soTDt!  knowledKu  of  thu  mode  of  devolopuiont  of 
the  oniv<phalun.  it  is  si'an'i'ly  pussiltk'  to  appruciato  that  rising 
grntW  of  complexity  met  with  as  wo  pass  from  lower  to  higher 
groniis  of  animalx.  especially  noticwible  in  vertehrales;  nor  is 
it  possible  to  rofORTiizi'  folly  the  evidence  found  in  Ihe  nervous 
^tem  for  the  doctrine  that  higher  are  derived  from  lower 
Cormii  by  a  process  of  evolution. 

Brolation. — The  same  law  applicfi  to  the  nervous  system  as 
tootlu-r  parts  of  thi' DrguiiiMn,  viz.,  that  the  indiviriual  devel* 
opmctit  (ontoj^-ny)  is  a  synoptical  rtupreBculation.  in  a  general 
way,  of  the  devdopmuul  of  llio  group  (phylogcny).  A  com- 
I  'pnlcMl  of  the  duve1opmi<nt  of  even  man's  braiu  r\-vctdtf  the  ftuit 
that,  in  its  earliest  stage,  it  is  scarcely,  if  at  all.  diBtinguisbnbIc 
from  that  of  any  o(  the  lower  vertebrates.  There  is  a  i«'riod 
when  even  this,  the  most  convolutetl  of  all  brains,  is  as  smooth 
and  devoid  of  gyri  as  the  brain  of  a  frog.  The  ext^-eme  com- 
plexity of  the  human  brain  is  referable  to  excessive  growth  of 
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certain  parts,  cr-.iW(liiig  and  uUoration  of  Bhape,  owing  to  the 
induuacu  u(  iU  hoay  case.  He  membraiius,  etc. 


Fin.  Sni.  —  A.  bntaat  ■rp«j»(Lr'iiiiri;  D.  at  mamiavt  -.  C  of  mnilml-mooktj  (CatlMritti 
D.ot  ni&caqui)  PHMtDy:  K.  ot  ic\hhiiO  .  e.  ol  »  nrib-iiioiitb  btimui  ruilii*  (afUf  OBral 
Allhouvh  ciUuntlUCa  arr  ucml  tbM  the  mnaka^n.  bum.  and  l<'iniir*Btv  ivlalrd,  <oiiiilil(T>' 
■l<1pc1IITiqvn«flBn>  In  In- nlwcTnl  Intlwlr  bolM  TbvMfliriimalaalUuiitrftU  Uwrmnart 
modp  afc^r  Ihn  lollnwlnic  ohm. 

It  is  evident,  from  ftn  inspection  of  tlie  cranial  cavities  of 
those  enormous  fossil  forms  that  preceded  the  luKher  verte- 
brates, that  their  hrains.  in  proportion  to  their  bodies,  were 
very  small,  so  that  any  variation  in  the  direction  of  increase 
in  the  encephalmi — t'spL'cially  the  cerebrum — must  have  given 
the  creatui-es,  tliu  subject  of  such  variation,  a  decided  advan- 
tage in  the  struf^^le  for  existence,  and  one  which  may  portly 
account,  perhaps,  for  the  extinction  of  those  animals  of  vast 
proportions  but  limited  intelligeuce.    That  the  size  of  the  brain 


Fto.  M.— A.  bnUn  ot  a  cfarlonlSD  .JLetm  fmUl  calt :  C.  or  a  ou.  (All  afl*r  OanolMiir,) 
./  lDdluaU«  wivbral  LranUptii-n*:  fl.  UuJiiitiiui:  III.  ■■nnxini  i|iuiilr1|fi>(iilim;  fl .  wtrl^ 
liim:  ■'.  mmlulla:  ir.  vorpua  xtrlnliiin  :  /,  tnmix  :  fi.  tiiiiTuninitu* ;  o,  tiairlii  rmliM*; 
0, Bpnli'ulale  bodr  ;  ol.oaavtorf  lohr.  It  ■ill  Iw  r.i.B.rin]  iD  how  ibc  TutAl  lirain  la  • 
hlshBr  BiUma]  lona  mcmbka  ilit'  ili-i-rloprd  brain  bi  a  li>n*r  form,  aud  tV>  Imo  (vdnita 
part*  btixoDa  cniwilad  MtrOter  am)  luvi-rnl  oTDr  by  morv  ptvuimcBl  ngilniia.  r.  ic.,  Uw 
wjTfcmm.  aa  w*  aanod  tha  aalmal  aoabi. 
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no  Tvell  aa  its  qimlily  cnn  bn  increased  by  afte,  oeenis  to  have 
been  AstablUhtid  by  thd  nieasuremenU),  at  difTerent  penocU  of 
liwelopiiiont,  of  the  Iioads  of  those  engaged  in  iiitellpctual  pur- 
'tctmiimriiiiir  tlie  rt-stilt!*  with  those  obtaiaed  by  etimilar 

Miituf  tliti  huntlauf  these  not  Ihusciwciallycmpluyed. 

Of  course,  it  must  bv  Hsitutnod  that  the  hend  me-asuremetit  is  a 
gauge  of  tho  8iz«  of  thu  brain,  whioli  18  iipproxiiiiately  true.  If 
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entirely  bo.  There  are  many  facts  wliicli  go  to  »liow  tlial 
habits  of  ancestors  lemi  to  become  almotit  the  iustiiicts  of 
posterity,  even  in  the  cane  of  man.  It  has  been  noticed  that  a 
fiu.>i1ity  in  the  acquisition  of  scholarship  (lanjruages,  literature) 
has,  in  many  cast-s,  been  associated  with  scholarly  habits  in 
numerous  g«;neriitiuns  of  nncestors.    The  inheritance  of  mental 

-  tmits,  which  can  not  bu  ooni<idore(l  wholly  apart  fnjin  a  phy^i- 

■  cal  ba«t8  iu  the  nervous  syiiteni,  unil  cb'pecially  in  the  cerebrum, 
is  a  subject  of  great  interest,  but  too  wido  for  more  than  s  paas- 

ting  alluiiiun  here. 
Recent  inveatigations  deem  to  nhow  that  the  development 
of  the  ganglion  cells  of  the  brain  tjikes  [dace  first  in  the  me- 
dulla, next  in  the  cerebellum,  after  that  in  the  mid-hraiii,  an<l 
finally  in  the  cerebral  cortex.  Animiils  most  helpless  at  birth 
are  those  with  the  least  development  of  such  cells.  The  me. 
(lulla  may  be  regnrded  in  some  senw;  iw  the  oldest  (phylogeneti. 
cally)  part  of  the  bmin.     In  it  are  lodged  those  cells  (centers) 

-  which  are  required  for  the  muintennnce  of  the  functions  essen- 
H  tiiil  to  somatic  life.    This  mny  servo  to  explain  how  it  is  that 

w>  many  centt-rs  are  there  cn»i'deil  together.     It  is  reninrkable 
^  that  BO  small  a  part  of  the  brain  should  pwside  over  many  im- 

■  poriant  functions;  hut  the  principle  of  concentration  with  pro- 
>     gressivo  development,  and  the  law  of  habit  making  automatism 
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[irominenl.  throw  some  lifilit  upon  these  fa<'tii,  ami  espofislly 
the  one  otherwise  iiot  easy  to  understand,  that  so  much  im]>i>r- 
tflnt  work  should  be  done  by  relatively  so  few  cells.  PoBsibly, 
however,  if  lucalization  is  aitablishpil  as  fully  as  it  may  ereutu- 
ally  be,  thiR  also  will  not  bp  so  astoiii^hing. 

Nevortlieless,  the  doctrine  that  so  small  a  region  of  tho 
niodulhk  as  is  tho  vaso-motor  centor.  for  fxamjilf,  should  con- 
trol 80  many  rtiiferoiit  vaaculnr  tracts,  ought  not  to  be  5ii»lly 
iiocept^Kl  without  close  examination.  It  is  so  vmty  to  spcnk  of  a 
''cout«r"  for  any  function  and  1o  louiito  it  in  tliv  niodulla;  but 
it  is  not  unlikely  that  thr  ]jliy.-«iii]ogy  of  tho  future"  will  groittly 
modify  our  prra^-nt  t«.Tarhing  In  this  regard,  As  in  many  otht-r 
casus,  tho  explanations  ^ci'm  to  be  too  simple  and  too  urtifii-iaL 

TAo  latv  of  itabit  has,  in  connection  with  our  psychic  Hfo 
and  that  of  othor  mammals,  some  of  its  nioi^i  striking  develop- 
ments. This  has  lung  bftn  rec-ognizt'd,  though  that  thi*  same 
law  is  of  universal  application  to  the  functions  of  the  bo<ly  has 
as  yet  received  but  the  scantiest  acknowledgment. 

Wo  .shall  not  dwell  upon  tho  subject  beyond  stating  that  in 
our  opinion  tho  psychic  lifo  of  anininls  can  he  but  indiflTcr^iitly 
understood  unless  this  greut  (actor  is  takun  into  the  account ; 
and  when  it  is,  much  that  is  up^mrcntly  quite  in«.>xplicablu  ho- 
comes  plain.  That  anything  that  has  hajiju'iicd  once  any- 
where in  the  vital  economy  is  liable  to  repetition  under  a 
slighter  stimulus,  is  a  law  of  the  utmost  importance  in  physiol- 
og>',  psychology,  and  pathology.  The  practical  importance  of 
thi.->,  esjiecially  to  the  young  animal,  U  of  the  highest  kind. 

The  doctrine  of  a  "cortical  projection"  for  the  sotumw,  or 
cortical  sonse-centers,  has  enough  foundation  to  enable  us  to 
draw  certain  inferences  relativo  to  tho  direction  to  be  given  to 
the  education  of  youth.  If  true,  then  the  education  of  the 
senses  has  a  thoroughly  good  foundation  in  physiology,  and 
"manual  training"  should  rocoivo  the  hearty  support  of  sci- 
t'liti-Mts,  It  follows  that  in  developing  tlio  senses  wc  are  devel- 
oping the  most  luiporlaut  part  of  the  brain  for  all  higher  ends, 
the  cerebral  cortex. 

It  will  now  also  be  clear  that  if  there  are  cortical  motor  re- 
gious,  then  the  size  of  the  cerebrum  and  the  muscular  develop- 
ment may  stand  in  a  closer  relation  than  we  have  be«a  wont  to 
believe.  That  connection  of  the  muscular  sense,  tactile  send- 
bility,  sight,  etc.,  aimml  at  in  "  manual  training,"  is  in  hannouy 
with  what  wc  have  frequently  urged  in  relation  to  the  muluiil 
dependence  of  one  part  of  the  brain  upon  another.     Both  tlioo- 
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n*tical1y  anti  prnctk'»lly  It  i»  importunt  lo  rwognizt'  thai  tlie 
value  of  vision,  inikt-^l,  thy  uxti<iit  to  which  wi'  "  ew,"  Is  in  no 
small  degree  related  to  what  we  foci.  The  curpL-ntt-r  judget;  dis; 
taucps  well  by  his  oyo,  becauae  he  is  constantly  correcting  his 
visual  judRine'ita  by  bin  tactile  sense,  his  muaculBr  senile,  etc. 

We  must  point  out,  however,  that  the  Djiecial  developments 
of  disease  at  the  present  day  point  to  the  dan^^'i'''  <>f  ^^  undue 
use  or  development  of  the  cerebrum.  That  balance*  indispen- 
sable for  health  must  be  preserved,  if  the  race  is  tu  Avoid  degen- 
eration. 

Synoptical — Thore  is  as  yet  no  Kystenintizc-d  ckiir  physiology 
of  "  the  brain."  We  are  convcrjtuiit  with  ccrtniu  phimuniena 
referublc  iu  this  organ  in  a  unuibor  uf  animals,  chiefly  thb 
higher  nmmmuls:  but  our  knowledge  is  as  yvt  iiisuQiciont  to 
goneralize,  except  in  the  bruudesi  way,  regarding  tliu  fuuctlunfi 
tif  the  brain — i.  t.\,  toduturmiuo  what  is  common  to  the  brains  of 
ull  v(!rtebrut4>K  and  what  is  peculiar  to  each  group.  Rvfurring, 
then,  to  the  highiT  mammals,  especially  to  the  dog,  the  cat,  the 
monkey,  and  man,  we  may  make  the  following  statements : 

The  medulla  oblongata  is  functionally  the  ruler  of  vegeta- 
tive life — the  lower  functions;  and  sn  may  be  regarded  aa  the 
Beat  of  a  great  number  of  "centers,"  or  collections  of  cells  with 
function?  to  a  lar^e  degree  distinct,  but  like  close  neighbors, 
with  a  miitna)  ilependence. 

Phylogeiietically  (ancentrally)  the  medulla  is  a  very  ancient 
rt^iori.  heiioo  the  explanation  apparently  of  .so  many  of  its 
functions  being  euniniun  to  the  whole  vertebrate  group. 

Purti  of  the  mesencephalon,  the  pons  Vandii,  the  optic  lobes 
or  coriwra  qnadrigemina,  the  crura  cerebri,  etc,  are  not  only 
connecting  jKtths  between  the  cord  and  cerebrum,  but  seem  to 
preside  over  the  co-ordi nation  of  muscular  movements,  and  to 
take  some  share  in  the  elaboration  of  visual  and  perhaps  other 
sensory  impulses. 

The  cerebellum  may  have  many  functions  unknown  to  us. 
lt«  connections  with  other  pai'ts  of  the  nerve-centers  are  numer- 
ous, though  their  significance  is  in  great  yiart  unknown.  Both 
imthologiial  and  {>hy.'«in|ogical  investigation  point  to  its  hav- 
iitg  a  larce  share  in  muscuhtr  co-ordination. 

It  is  certain  that  tho  centbrum  is  the  part  of  tho  hrain  es-sen- 
tinl  for  nil  the  higher  psychic  munifustations  in  the  most  ad- 
vanci'd  mammals  and  in  man. 

The   prwponderating   tievelopment   of  man's  cerebrum  ex- 
[iplaini!  at  once  his  domination  in  the  animal  world,  his  power 
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orertfaoinaiiiranto  TorcoBOf  KatiireBiidh>?p<xniUur  tiifirmilH-a, 
tendencies  tu  a  ourtuiu  claw  of  disoaeos,  etc. — In  a.  wunl,  uiitn  is 
man,  largely  by  virtue  of  the  sisu  and  iHuuliaritios  uf  tliitt  part 
of  hU  brain. 

Modern  reBearcIi  lias  made  it  clear  also  that  there  is  a  **  pro- 
jection "  of  sensory  and  motor  phenomena  in  the  cerebral  cor- 
tox ;  in  other  words,  that  there  are  sensor)'  and  motor  centers 
in  tho  Mnse  that  in  the  cortex  thero  are  certain  cells  which  have 
an  important  share  in  the  initiation  of  motor  ini|nil^'S.  and  otii- 
era  empluyud  in  tho  final  olal>orution  of  tL-itsory  unitt. 

It  is  even  yet  promatun*  to  dogmatize  in  regard  to  the  site 
of  these  oentx-Ts :  es]iecially  are  wo  not  ready  for  Inr^e  ^cnerali- 
BOtiiHiB.  In  man  the  convolutions  around  the  dsmiri'  of  It^dando 
constitute  the  motor  area  best  determined. 

The  whole  subject  of  cortical  localization  requires  much  ad- 
ditional study,  especially  by  the  comparative  nietlio<]  in  the 
videet  sense — i.  e.,  by  a  comptrison  of  the  results  of  opi^rutivo 
procedurt^  in  n  variety  of  groups  of  animaU,  and  tlio  ri>«ult«  of 
clinical,  pathulogii-nl,  physiological,  and  ji^ychological  investi- 
gation. Kitpi-ciully  must  allowance  he  nuide  for  difforoucoB  to 
bo ohxervud,  both  for  the  group  and  the  individual;  and  also 
for  the  influeiice  which  one  region  exerts  over  aJiother.  Be- 
tween the  weight  of  the  cerebrum,  the  extent  of  its  cortical 
surface,  and  psychic  power,  there  is  a  general  relatioiuthip. 


GENERAL  REUAOKB  ON  THE  SENSES. 

Our  studiwi  in  embryolopj-  have  taught  us  that  all  tho  varv 
oua  forms  uf  end-organs  are  developed  from  tho  bpiblu8t,  and 
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SO  may  be  regarded  as  muclificd  opiUtelial  cells,  with  which  are 
axsociateti  a  vascular  and  norvoue  supply.  These  «nd-orgau8 
aro  at  niir©  protective  to  the  deli- 
cat©  iiorvos  which  terminate  in 
them.  And  serve  to  convey  to  the 
latter  i»vuliar  impressions  which 
are  wiiiL'ly  different  in  roost  in- 
.iBtanCfs  from  tltost-  resulting  from 
tiie  direct  coutAct  of  the  uervo  witli 
the  foreign  body.  All  arc  ac- 
quainted with  the  fact  that,  when 
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the  opitheliiini  is  removed,  as  hy  a  bliiitor,  wo  no  longer  possess 
tactile  sensibility  of  the  \iAiial  kind,  and  uxperionoo  pain  on 
contact  with  objects ;  in  a  word,  the  series  of  connections  neces- 
sary to  a  sense-perception  is  broken  at  the  [-ommencprnent. 

Seeing  that  all  the  end-organs  on  the  surface  of  the  body 
have  a  common  origin  mor|)hnlogically,  it  would  be  reasonable 
to  expert  that  tho  senses  would  have  much  in  common,  espe- 
cially when  these  urgnns  ai-e  all  alike  connected  with  central 
nervous  cwlU  by  nervesL  As  »  matter  uf  fact,  such  is  the  cose, 
and  in  every  instance  we  can  distinguish  botwoen  sensory  Jm- 
pQlace  goniimteil  in  the  wiul-orgiin.  convoyed  by  a  nerve  inward, 
Mid  those  in  the  cull»  uf  these  central  nervous  systems,  giving 
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nan  to  (vrtaio  multwulur  chongvw  which  enable  the  mind  or 

Ibe  ego  to  have  a  pfrception  iiropi-r;  which,  when  taken  incou- 

•  iiuction  with  numentii.i  yntM 

experieupee  of  (Iiis  and 
other  senses,  ftir(iisb<.'«  the 
matiTial  for  a  senKory  ju<lg- 
tiicut. 

The  chief  events  are, 
after  all,  internal,  and  hence 
it  is  found  that  the  higher 
in  the  scale  the  aiiinutl 
ranks,  the  more  (Jeveloiied 
itfi  nervous  centers,  i'Him- 
cinlly  its  bmin,  and  th« 
more  it  is  able  tu  capitaliM 
il«  sensory  impulses;  also 
the  grrat^^T  the  defjroe  of 
poHsible  improvement  by 
FM.  <si -Xmvm -Hh  iMnjriiiiB  etU»icriiif  wiiha  experience,  a  difference  Well 
(Onttni)  lon^  seen  in  blind   men   wnoeo 

ability  to  suocee«I  in  life 
without  vision  is  largely  in  proportion  1o  their  innate  and 
acquired  mental  powers.  Inasmuch  as  all  cells  r(><(uire  mtt, 
one  would  expect  that  under  constant  stimulation  fatigue  would 
soon  result  and  perceptions  be  im|>erfept.  Hence  it  bnpiK-iis 
that  nil  the  sensea  fail  when  exerci^t^^l,  even  fur  but  u  «hort  pi-- 
riod,  without  change  of  stimulus  leading  to  alteration  of  con- 
dition in  the  contml  txlU.  The  change  need  not  b«  one  of  en- 
tire roBt,  but  merely  a  new  form  of  exercisiv  Henco  the  fresh- 
ness experienced  by  a  change  of  view  on  passing  through  beau- 
tiful sconory. 

Exhaustion  may  not  be  confined  wholly  to  the  central  nerve- 
oolls.  but  there  can  be  little  doubt  that  ihcy  an.'  the  must  af- 
fected. Since  also  there  must  be  a  certain  momentum,  so  to 
spenk,  to  molecular  activity,  it  is  not  surprising  that  we  Hnd 
that  the  sensation  outlasts  the  stimulus  for  a  brief  iieriod ;  and 
this  applies  to  all  the  s(-iises,  and  necessarily  determines  the 
rapidity  with  which  the  successive  stimuli  may  follow  each 
other  without  causing  a  blending  of  the  sensations. 

Thus,  then,  in  every  sentw  wo  must  recognixe  (1)  »«  *nd' 
organ  in  which  the  chain  of  prooeesM  bogins :  (i)  a  conductiug 
nerve  through  which  (:tl  the  central  ncrvo-cells  are  iiffecle<l: 
and  we  may  speak,  therefore,  of  (1)  sensory  impulses  and  (i) 
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sen^tions,  wIiGii  tlR>:40  givu  rise  to  affectinns  of  ttic  rutitral 
nervous  l-oUs  ruxiiltiiig  iii  (1)  purceptioHR  and  (2)  judgiiiviiU, 
when  vry  lake  into  account  tlm  |)9ycliic  processes ;  lunl,  from  thi- 
naturo  of  cell-Hfo  gimi'mlly,  wo  must  rocogiiize  a  cevtaiti  iuton- 
sity  of  the  stimtUux  iiL<ct-«K(try  to  iiruusu  u  »eti^tioii  and  a  limit 
within  whirh  alont'  wy  hnvo  powor  tt>  disfriminivte  (range  of 
titimul.itiun  ami  percuptiou) ;  and  (ilsu  »  limit  to  the  rapidity 
with  which  sliiituli  may  siurc-eed  each  other  to  any  advantage, 
so  ng  to  givo  ris«  to  ni-w  sensations ;  and  a  limit  to  tho  endur- 
ance of  tho  uppnmtiis  in  good  working  c-onditiou  com-^pondlng 
to  clear  mental  pen-eptioiis.  togv-tlu-r  with  the  value  of  past  4UC- 
perience  in  the  interpretation  of  our  sonsiitiotw. 
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bearing  in  mind  that  all  the  senaory  organs  originate  in 
tlie  ectoderm,  we  lind  in  the  skin  even  of  the  highest  animals 
tho  power  to  give  the  central  nervous  system  such  si-nse-im- 
pressions  as  hear  a  relation  to  the  original  iinililTt-rL-ntiated 
seiuatioas  of  lower  fom).s  as  derived  from  the  gt-m-ral  surface 
of  the  body,  but  with  \v»»  of  ^itecialization  than  is  met  with  iu 
the  m-nso  of  hearing  and  vision ;  so  that  it  is  possible  to  under- 
stand how  it  is  that  the  skin  must  be  regarded  not  only  as  the 
original  source  of  sensory  impulses  for  the  animal  kingdom, 
but  why  it  still  remaiim  perhaps  the  most  important  source  of 
information  in  regard  fo  the  external  world,  and  the  condition 
of  our  own  bodies;  for  it  must  be  renieniberwl  that  the  data 
nlTurrleil  for  sensory  judgments  by  all  the  other  senses  must 
bo  interpreted  in  the  light  of  information  supplied  by  the  skin. 
We  n-nlly  perceive  by  the  eye  only  retinal  images.  The  dis- 
tance, position,  shape,  ete.,  of  objects  are  largely  detertnint^l  by 
feoling  thorn,  and  thus  nsscK-inting  with  a  certain  visual  senxn- 
ttou  others  derived  from  the  skin  and  the  muscles  which  latter 
art',  however,  genenilly  al»t>  associated  with  tat^tilc  sensations. 
It  is  recorded  of  tluwe  blind  from  birth  tbat.  when  restoriMl 
to  sight  by  surgical  operations,  they  find  themselves  quite 
unable  to  interpret  their  visual  sensations ;  or,  in  other  words, 
seeing  they  do  not  understand,  but  must  leam  by  tho  other 
senses,  especially  tactile  sensibility,  what  is  the  real  nature  of 
the  objects  that  form  images  on  their  retinie.  All  ohjocls  «oen 
appear  to  be  against  the  eyes,  and  any  idea  of  distance  is  out 
of  the  question. 
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In  man  sjiecial  fomu  of  cnd-or^gana  aro  found  scatUsmi  ovor 
the  nkiD,  mucous  otid  serous  surfaces  of  the  body,  sucli  an 
Piioinian  corpuseles,  toucli-corj»iiBdi's,  end-biilhs,  fltc.  ■  wIiUl*  iu 
luwur  furma  of  %'ertehpatps  mRjiy  othr-rs  are  found  in  parts 
whcro  sensibility  is  acute.  There  Reem»  to  be  littlo  tloubi  that 
tlii'st'  aro  all  ronrerned  with  thf>  various  nen-iory  impulses  that 
originate  ill  the  paits  where  they  are  found,  liut  it  is  uot  pos- 
sible at  pi-i-i^ent  to  lutsi^n  delinitely  to  ouch  form  its  si>ecifie 
function. 

It  has  boon  coiit«nd(!id  that  the  various  specific  sensations 
of  taste,  OS  bitter,  sweot,  etc.,  nro  the  result  of  impulses  con- 
veye<l  to  the  central  nervous  syatem  by  fibers  that  have  thi« 
function,  and  no  other;  and  a  like  view  has  been  maintained 
for  those  different  sensations  that  originate  from  the  ekin. 
For  ?urli  a  doctrine  there  is  a  certain  anmunt  of  sujiport  fnmi 
PxporinK-nl  as  well  as  analogy ;  but  the  more  closely  lliu  subject 
is  invcr;tijfat*d  the  more  it  appears  that  the  complexity  of  our 
sent^atiuni^  is  scarcely  to  be  explaineii  in  so  simple  a  way  as 
many  of  tliesu  thcuries  would  lead  us  to  believe.  Whether 
there  are  nervc-fibc-rs,  with  functions  so  specific,  must  bo  re- 
garded as  at  least  not  yet  demonstrated. 

Let  us  now  examiue  into  the  facts.  What  are  the  different 
sensations,  the  origin  of  which  miutt  l>e  in  tlio  first  instance 
sought  in  the  skin,  as  the  impulses  aroused  in  some  form  of 
eud-orjjaii  or  nerve-termination  ? 

Suppose  that  one  blindroMcl  lays  liis  left  hand  aud  arm 
on  a  table,  and  a  piecu  of  ii-on  bo  placed  on  the  palm  of  his 
hand,  he  mny  be  said  to  be  conscious  of  the  nature  of  the  sur- 
face, whethfT  rough  or  smooth,  of  the  form,  of  the  size,  of  the 
weight,  and  of  the  temperature  of  the  body;  in  other  words, 
the  .subject  of  the  experiment  has  sensations  of  pressure,  of 
tactile  sen.sibility,  and  of  temperature  at  lonst.  if  not  also  to 
some  extent  of  muscular  sensibility.  But  if  the  ri^lit  haml  be 
uHod  to  feel  the  object  its  fmni  and  surfaco  characters  can  be 
much  better  appreciateil;  while,  if  the  body  be  poised  in  the 
band,  a  judgiiiciit  as  in  its  weight  can  be  formed  with  much 
greater  accurncy.  The  reason  of  the  former  is  to  be  sought  Id 
the  fact  that  the  finger-tips  are  relatively  very  sensitiro  in 
man,  and  that  from  experience  the  mind  has  the  lietter  l^moi) 
to  interpret  the  sensory  impulses  originating  in  this  (jnarter; 
which  again  residves  itself  into  the  particular  condition  of  tfa« 
central  nerve-cells  associated  with  the  nerve-fibers  that  convey 
inward  the  impulses  from  those  regions  of  tho  Bkin.    Msni- 
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feetly  if  there  be  a  stetise  referable  to  tliu  musi'I«»  (nmsculnr 
senoet  at  all,  when  they  iir©  contrftctod  at  will  l]w  iiu[irossion 
must  b«  clearer  tlian  when  they  but  foebly  rusiioud  to  the 
iiierfi  pre8i<uro  of  sotuo  body. 

It  U  poitsihlv,  as  vvi<ry  oiio  kuowx,  to  ntluud  only  to  the  datA 
Affoiflcd  by  oiiu  m^t  uf  impulsDK,  ttuch  as  thu»)0  associated  with 
our  80ii!Ukti<jii»  of  wuight,  tenipcrature,  utc,  but  such  requires 
speciul  attfUtioD ;  aud  as  in  the  case  of  the  eye  we  consider  the 
object  IIS  a  wholu,  its  color,  form,  size,  and  other  (lualiticH.  so 
duos  the  mind  form  its  complete  conception  by  n  syiithwin  or 
union  of  a  vunuty  of  sensory  datn.  Regarding  the  skin  us  a 
whole,  we  may  Kpeak  of  the  skin-sense  as  we  do  of  the  ocular 
sense  or  vision.  The  separate  treatment  of  tactile,  thermal,  aud 
other  forma  of  sensibility  under  separate  headings  is  a  matter 
of  conrejiience ;  but  there  is  considerable  danger  tlnit  wo  over- 
look the  great  fuinlamental  fitot  that  our  knowledge  of  obji'Cts 
is  primarily  synthetic  and  nut  analytic.  True,  in  diKensu,  when 
one  or  more  »et.ii  of  the  data  of  sense  as  derived  from  the  skin 
is  wanting,  the  others  can  bo  np]jreciated,  and  these  alone. 
Nevertheless,  such  is  nn  abnurmul  condition,  and  in  that  case 
tlio  outiir  world  patues  to  a  large  extent  beyond  the  degree  of 
control  nutunil  to  man. 

Pathological. — It  does  happen  in  certain  forms  of  disease, 
notably  of  the  spinal  cord,  that  tactile  sensibility  is  retained 
and  thermal  lost,  or  the  muscular  sense  impaire<l.  Such  j>er- 
sons  are  plainly  reduced  at  once  to  the  comlition,  ))ot  only  of 
being  without  certain  sensory  impressions,  but  in  c-on«H[Uuucu 
unable  to  use  others  which  they  do  possess  to  the  wiuiu  exu>nt 
as  before.  A  man  with  thiit  atTectlon  of  the  spinal  cord  known 
as  locomotor  ataxy  may  have  tactile  and  thermal  sensibility, 
yet  he  unable  to  use  these,  in  the  ab^sence  of  the  muscular  sense 
to  enable  him  to  be  his  own  master,  except  when  he  calls  in  the 
help  of  his  eyes.  as.  e.  g.,  in  walking. 

It  is  thus  seen  how  all  the  various  sources  of  information 
from  the  skin  and  muscles  blend  p.sycliically  to  produce  a 
wnpeption  which,  as  a  whole,  corresponds  to  "seeing."  The 
defects  just  referred  to  are  in  a  measure  comparable  to  color- 
blindness. 

With  this  warning  we  .shnll  now  attempt  to  state  some  of 
ihe  main  facts  in  regard  to  tliu  dilTerent  functions  of  the  skin 
M  a  8ensor>'  organ.  esjK-cially  endeavoring  to  trace  parallel  laws 
(or  this  and  the  olbur  senses. 
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PKEtiSURU  Sensations. 

1.  Thcro  is  ft  relation  between  the  intonsity  of  the  stimulog 
and  iho  9t:-n!*ftl ion  resulting,  ami  Ihi;*  limit  i«  narrow.  The 
gruitU-r  lltP  slimnliis  the  more  iiroiiouncoil  tho Mmsution,  though 
ordinary  soiisihility  soon  passes  into  jmiu.  Weber's  lav  (to  bo 
oxplainod  Intf-r)  holds  in  the  case  of  i\w  skin  as  for  other  sensM. 
2.  Till-  duration  of  tho  !*pnsatioii  is  vi^-ry  briuF,  It  is  wiid  that  »> 
card  in  which  holes  hiivo  bi*eu  punched,  so  that  when  in  rota- 
tion it  may  hour  on  thi'  skin,  may  Ik*  mude  to  touch  one  of  its 
holes  at^inst  the  fingLT  as  oftou  as  fifbiien  hundred  times  in  n 
se<;ond  bofi)ri' thu  si-usatimis  art- fusL'd.  3,  The  law  of  contrast 
may  be  illuetrati'd  by  pitKoiug  the  finyer  up  and  down  in  a  vos- 
8el  containing  mercury,  when  tliu  pressure  will  be  felt  most  dis- 
tinctly at  the  point  of  contiict  of  the  fluid,  i.  Pressure  is  nuuli 
Iwtter  estimatud  by  some  paiis  than  others ;  hence  the  u.se  of  tho 
tips  of  the  tingent  in  coiuiting  the  pulse,  palpating  tumors,  «tc. 


Thermal  Sensations, 

1.  The  law  of  contrast  is  well  illustrated  by  this  sense;  in 
fact^  tlie  temperature  of  a  body  exactly  the  same  as  that  of  tb« 
pftrt  of  thi^  skin  applied  to  it  can  scarcely  he  cstimstiNl  «t  alL 
Th«  first  jdung**  into  a  cold  hath  gives  the  impression  that  tho 
water  is  much  i^lder  than  it  .seems  in  a  few  seconds  aftvr,  wbon 
tho  tt'Uiperature  has  in  rfialtty  changed  but  little;  or,  perhaps, 
the  subject  may  be  better  illustrateil  by  dipping  ouo  hand  into 
warniL-r  uud  the  other  into  colder  watttr  than  that  to  be  ail- 
judged.  The  lutmplu  feelx  colder  than  it  really  is  to  the  hand 
that  has  been  in  the  warm  water,  and  warmer  than  it  is  to  thv 
other.  2.  The  limit  within  which  we  ran  discriminate  is  at  mi>8l 
small,  and  the  nicest  determinations  are  made  within  alutut  S7* 
and  33°  C. — i.e.,  not  far  from  the  normal  temperature  of  tho 
Iwdy.  3.  Variations  for  the  different  parts  of  the  skin  are 
easily  ascertained,  though  they  do  not  olways  correspond  to 
those  most  sensitive  to  changes  in  pressure.  Tho  cheeks,  lips, 
and  eyelids  are  verj*  sensitive  to  pressure. 

Recent  iuvustigations  havo  revealed  the  fact  that  there 
are  in  the  skin  "pre.ssure-spots,"  and  "cold-spots "and  "heat- 
spots"— i.e.,  the  skill  may  be  mapped  out  into  very  minute 
areas  which  give  when  touched  a  sensation  of  i>re8snre  differ- 
ent from  that  produced  by  the  same  stimulus  in  the  interme 
ate  regions ;  and  iu  like  manner  are  there  areas  which  arc  i 
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Bitive  to  warm  and  to  cold  bodies  respectively,  but  not  to  lioth ; 
luid  th4>se  lio  iKit  corros|M>iid  witli  thi>  ]it-0)i8UTx^>-}iput«,  nor  to 
Utose  that  give  i-iae  wiieii  ttmchod  ti>  tho  eonsattun  of  pain. 
These  Hpots  are  not  placed  symnuitriL-ally  on  twtb  &ide«  of  the 
same  individuni,  nor  oit  com-^pamling  pttrt^  of  dilft>roat  indi- 
vidual)!. So  much  hint  btiiu  futi'rrtuiui.>d  by  uxporiment.  It  i» 
believed  by  somo  oC  tlit*  iuvc'stigutunt  that  these  areas  are  con- 
nected with  Iho  ni-rve-centers  by  uerve-fibers  devoted  to  cou- 
ductin^  impulses  correspondins  to  the  sensations  which  linve 
the  l>eginning  of  their  forniatioti  in  tltt-  ditTereiit  kinds  of  nput^, 
Tho  Ifttt«r,  however,  lias  not  been  demonstratoiL 

Wliilb  there  citn  be  nr>  doultt  thai  tht'^i  inveHtigationa  have 
fumitihe'l  iMlditional  facts  of  gmat  iuiporlaiicu,  they  can  not  be 
considered  as  making  the  whole  subject  of  senstition  by  the 
okin  perfectly  dear.  For  example,  how  are  we  to  explain  why 
a  cold  body  feels  Iieavier  than  a  warm  one,  as  nmy  en-nily  be 
demonstrated  to  one's  own  satisfaction  by  placing  n  large  coin 
cooled  down  to  m-ar  the  frciuting-point  on  tho  forehead  beside 
ft  warmer  one  ?  "Wo  think  such  facts  are  wilculated  to  enforce 
the  lesson  which  we  have  been  endoBvorinR  to  impreBs,  viz., 
that  our  sensations  are  never  single  (thermal,  tactile,  etc.)j  hut 
UH)  compound,  one  or  the  other  element  preponderating ;  and 
that  all  interjiretations  of  sense  must  take  into  account  this 
fact — and  the  very  important  one — lliat  every  sensory  iniprra- 
sion  is  interpreted  in  the  light  of  our  patttesiieriunce,  as  well 
as  that  of  tlje  immediate  present 

It  hn«  been  shown,  also,  that  tho  extent  of  the  area  of  skin 
itimulatL-d  ih'terniineR  to  a  large  degree  the  quality  of  the  re- 
Baiting  sunsiition.  Thus,  the  temperature  of  a  Duid  does  not 
seem  tho  same  to  a  Anger  and  the  entire  hand.  This  fact  is  not 
irreconcilable  with  tin"  existL-m-i-  of  the  various  kinds  of  ther- 
mal upots,  referred  to  abovu,  hut  it  does  re-enforco  the  view  we 
are  urging  of  the  complexity  of  those  sensations  which  seem  to 
la  to  form  siinple  wholes — as,  indt-ed,  they  do — just  an  a 
'^«ce  of  cloth  may  l»-  made  up  of  an  uuUinit«d  Qumhor  of 
differeiU  kinds  of  threads. 

TAcnt-B  Seksibilitt. 

As  a  matter  of  fact,  one  may  learn,  by  using  a  pt^r  of  com- 
posaes,  that  tho  dilTerent  parts  of  tho  surface  of  our  bodies  are 
not  equally  sensitive  in  the  discrimination  between  the  contact 
of  bodies — i.«^,  tho  judgment  formed  as  to  whether  at  a  given 
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instant  tho  skin  is  being  touched  l)y  one  or  two  points  is  dc- 
pentlout  on  tho  jmrt  of  tho  Txidy  with  which  tho  ]>omt»  an? 
brought  into  contact. 

The  following  Idblo  will  innkv  this  clear,  the' numbers  indi- 
cating tho  tlistiincu  nt  which  thu  two  jioinls  o£  a  pair  of  com- 
paKHCH  must  be  upiirt  in  order  that  they  shall  not  Kive  rise  to 
ihe  jiiilgment  of  one  point  of  contact,  bat  be  reco^izeil  as  two: 

Tip  of  tongue 1*1 

Palm  of  last  phalanx  of  finger S? 

Palm  of  second  phalanx  of  linger 4*4 

Tip  of  nos* 0'6 

Whiti»h  port  of  liijs. S'S 

Back  of  second  phalanx  of  finger. ll'l 

Skill  over  malar  bone Ift'-I 

Back  of  hand 39'S 

Forearm 39'6 

Sternum 44'0 

Back er.-o 

There  seem  to  he  arens  of  skin  which  give  rise  when  jtrtcked 
to  tho  sensation  of  pain;  hnt,  whether  wo  should  distinguish  be- 
tween t.Hctilo  and  ])re«8uro  seusation  by  reference  to  correspond- 
ing spots,  dot's  not  yot  scorn  clear. 

Certain  it  is  that  uxercise  of  these  and  all  the  senses  greatly 
improves  them,  though  it  is  likely  that  such  advance  must  be 
referred  rather  to  the  central  nerve-cells  than  to  the  peripheral 
mechanism.  Careful  comparison  of  blind  and  seeing  children 
has  shown  tliat  the  blind,  in  forming  th<*ir  judgments,  np])sr- 
ontly  from  sensations  derived  through  the  skin,  in  ix\ility  use 
much  collateral  help,  wbicli  is  very  variahlc  and  c«rt«iuly 
widely  <liircrent.  accorKiing  to  the  post  expcrienct!  and  general 
intelligence  of  the  individual. 

W«  prticticnlly  distinguish  between  a  great  many  sensations 
that  wf  can  neither  analyze  nor  describe,  though  the  very 
variety  of  names  suffices  to  show  how  much  our  interpretation 
of  sense  depeu'ls  on  past  experience. 

Wo  are  always  able  to  define  the  part  of  our  bodiea  touched, 
and  with  great  accuracy,  no  doubt,  owing  to  the  simoltaneous 
use  in  early  months  and  years  of  our  Uvea  of  vision  and  the 
senses  resident  in  the  .skin. 

There  are,  however,  transient  illnsions  of  sense  which  illus- 
trate the  remark  just  made.    If  a  small  marble  bo  placed  bo- 
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tween  the  radial  si<l(>  of  one  fin^or  And  tho  itlnni'  $irl«  of  tho 
other  (Aristotle's  ex]iprimeiit),  llie  .sul>jcc:l  of  llio  exjierinifril 
being  blimlfoldcd,  it  will  bp  judfj^c)  as  two  nmrblivi  at  first, 
though  tli«  tActild  in)()res8i(>ti  \»  ttuoii  (M>rrbct«d,  vi^poctuUy  if  tho 
(;>>•«  be  oponud.  These  surfaoi'S  of  tho  Angers  havf  not  btfun 
accustuiiiiKl  tu  touch  St  thu  tuituu  timu  thu  oou  body,  heuce  tho 
illusion. 

An  impression  raaie  on  the  trunk  of  a  nerve  ia  referred  to 
tliB  periphi-ral  distribution  of  that  nerve  in  the  skin;  thus,  if 
the  cdbow  bp  dipped  in  a  freezing  mixture,  the  skin  around  tho 
joint  will  experience  the  sensation  of  cold,  but  n  feeliD^of  paia 
will  be  referred  lo  the  distribution  of  tho  ulnar  ncrvo  in  the 
hand  nnd  arm.  The  siimu  jn-inciplu  is  illuetrutod  b>-  Uk*  cnni- 
mon  oxporieucp  of  the  effects  of  a  blow  over  tho  ulnar  n<,irvc, 
tho  [>uin  Wing  rt^'forn^d  to  tho  pcriphoral  distribution:  a1»o  by 
the  fact  thnt  iKiiu  in  the  stump  of  an  amputated  limb  is  thought 
to  ariso  in  tliL-  missing  toes,  etc.  It  is  said  that  when  skin 
transplanted  from  the  forehead  to  the  nose,  to  repair  missing 
parts,  is  toucher],  the  sensation  is  located  in  the  original  site 
of  the  skin  (forehead).  In  nil  such  facte  we  see  how  dependent 
are  all  our  sensory  judgments  on  our  jiast  oxpi-rienue.  illustrat- 
ing the  very  important  truth,  with  its  wido  ramifications,  that, 
in  a  physiological  iwusv,  lis  wvll  as  in  many  othun«.  our  i>ast 
makes  our  own  futuro  and  that  of  (he  race  to  a  vorj'  large 
extent. 

The  Muscui-ak  Shssk. 

Every  one  must  be  iiwaru  how  ditHi-ull  it  is  to  regulate  his 
movements)  whun  the  limbs  are  cold  or  utherwise  dcndenod  in 
Mnisibility.  Wo  know  too  itmt,  in  judging  of  tho  muscular 
effort  necessary  to  be  put  forth  to  accomplish  a  feat,  us  tiirow- 
jng  a  ball  or  lifting  a  weight,  we  judge  by  our  past  vxpcri- 
PBC&  It  is  ludicrous  to  witness  tht:*  failure  of  an  individual 
CO  t*ke  u])  a  mass  of  metal  which  was  mi.'<taken  for  woiid.  In 
these  facts  we  recognize  thnt  in  thv  successful  use  of  the  miuj- 
oleft  wp  are  dependent,  not  nlone  on  th«  sensations  derived  from 
the  Bkin,  but  also  from  the  muscdcs  tht<mselvos.  True,  the  mus- 
clea  ari'  not  very  sensitive  to  pain  whun  cut :  it  does  not.  how- 
ever, follow  that  lhi.'y  may  not  be  sonsitivo  to  thai  different 
effoct,  their  own  contraction;  whether  the  numeruu-s  Pacinian 
boclieB  around  joints,  or  the  end-organs  of  the  nftrvos  of  iau»« 
cK'S  are  directly  concerned,  is  not  determined. 

FatliologicBL — The  teaching  of  disease  is  plainly  indicative  of 
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tlie  iiuprirfance  of  spnsations  dfrivdl  bntli  from  tho  skin  snd 
tli»  mu»i^leR  for  L-o-ordinatinn  i>r  inii.icular  movi-iuoiit«. 

I»  locomotor  ataxy,  in  which  tbo  pnwvr  of  muscular  ci>> 
onlinntion  is  Io»ttoalarge  pxteiit,  tli«  liMioiis  aro  iu  the  pmi- 
tcrior  foluiaus  of  the  spinal  cord,  or  ihv  posti-rior  nuAn  of  tin? 
ner\'es.  or  hulh,  and  thvso  oro  thu  parts  involved  in  the  trans- 
uii»iion  of  aScruut  impulMis. 

Whether  the  rauacular  sense  also  tmplieH  a  central "  iitiural " 
muse,  or  consciouHuuss  of  the  chanKes  of  central  dri^n,  luwoci- 
•t«d  with  the  execution  of  a  movement  as  dixliuct  from  the 
impn^»ion.s  derived  from  the  muscleR,  is  a  mattvr  of  dispute. 
But  tho  student  will  he  already  prpparerl  for  our  answer  to  this 
quusliou.  The  evidence  of  experiment  S4-oms  to  point  to  a  dis- 
tinct sourt-u  of  infonnation  in  the  musck'«.  Wo  would  take 
atone;  with  thiit  the  additional  ilata  of  scnso  affortli<d  by  the  skin, 
the"  sense  of  dfTnrt "  aiul  otlu-r  factors,  as  ston-d  past  experi- 
ence, which  muNt  1m>  very  variahlu  for  the  individual,  as  an] 
one  may  observe  by  watchinj^  thu  muscular  efforts  of  others^ 
and  him-telf. 

Compuvtive. — The  more  closely  the  higher  vertebratwi  »ni 
observed,  tlie  more  convinced  does  one  become  that  those  sen-' 
sory  judt^meuti*,  based  upon  the  information  derived  from  the 
skin  and  muscles,  which  they  are  rons'tantly  callfKl  ujwn  to  form 
are  in  extent,  variety,  itiiil  iicrfeelimi  scarcely  if  at  all  sur[uissed 
by  those  of  man.  Of  courai-,  n  .Hent*ory  judgment  in  man,  with 
hit*  excessive  cerebral  devehipinent.  may  by  as?7ociations  in  his 
uxpi'ricncf  be  worked  up  into  elaborate  judgments  imjtossible 
to  the  brutes,  but  wu  now  rufor  to  the  judgments  of  sense  in 
thi?niw»lveB. 

The  lips,  the  oars,  thu  vibrissie  or  stiff  hairs,  especially 
a1>out  the  lips,  the  nose,  in  some  cases  the  paws,  all  afford  deli- 
calu  and  tfxt*-nsive  sensory  data. 

It  is  a  rumnrkahle  fact  that  the  most  intelligent  of  tho 
groiipH  of  animals  have  thesis  sensory  surfaces  well  developed, 
OH  witness  lliu  elephant  with  his  wonderful  trunk,  the  hand 
of  tho  monkey,  and  the  paws  an<1  vibrissa-  of  the  cat  and  ilog 
tribe. 

( hi  the  other  hand,  the  groups  with  hoofs  are  notably  inferior 
in  Ihe  mental  s<'alp.  When  we  pass  to  the  lower  ft»rms  of  in- 
vorU'linvt^tt  the  appreciation  of  \'ibrations  of  the  air  or  water 
in  which  they  live,  of  lis  temperature,  of  its  prwsure,  must  be 
oonxiderable  to  enable  them  to  adapt  themselves  to  a  suitable 
environment. 
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We  havH  not  spoken  of  wusiitioRB  derived  fi-om  th©  internal 
organA  and  surfaces.  These  are  ill-defined,  and  we  kni)w  thciii 
mostly  either  as  a  vajfue  aense  of  comfort  or  discomfort,  or  as 
iK'tiial  pain.  We  ai-o  nuite  unable  to  refer  thorn  at  pit-sent,  to 
lipeciul  forms  of  end-orgaiij*.  They  are  vahiable  iw  n-iwrts  aiul 
wiiniinKK  of  the  animal's  own  condition. 

Afl^r-iiniirL-ssitinsCaftiT-iiiiHges")  of  all  the  sonsos  rufurred 
to  vxikU  mostly  [xjiiitiw  in  naturu — i.  e.,  thu  scusatiuu  remiiius 
wlidu  tin-  Klimiihiit  is  withdrawn. 

SynoptioaL — The  infurmatiun  dorivud  from  llie  skin  in  man 
and  the  other  higher  vertehrates  relates  t«  Hennatioiut  of  preeis- 
nre.  temiicrature,  touch,  and  pain.  The  muscles  also  »npply 
information  of  their  condition.  In  how  far  these  are  referaWi.' 
to  certrtin  end-organs  In  the  skin  is  nncertaiii.  There  are  der- 
\s  that  fin'i^  >'i''*e  to  the  sensations  of  heat,  cold,  pro-imrure, 
fcin.  Whetlier  these  are  connected  with  ntTvo-filKtrs  that 
convtrv  no  other  forms  of  impulses  thnii  those  thiut  nrixing  is 
nndettrrmined. 

In  all  thi!se  senses  the  laws  of  contrast,  duration  of  the  im- 
pression, limit  of  discrimination,  etc.,  bold. 

The  sensory  judKinents  hunaii  on  sensations  derived  from 
the  skin  are  syntheses  or  the  result  nf  the  blending  of  many 
component  sensations  siniultaneous  in  origin.  All  our  sensory 
judgments  are  very  largely  dependent  un  our  past  experience. 


VISION. 

Light  and  vision  are  to  soma  degree  coirelativefl  of  each 
other.  Light  is  supposed  to  have  as  its  phyaicol  basis  the  vibra- 
tions of  an  impun<lerable  ether.  Such  is,  however,  to  a  non- 
seeing  animal  its  Rood  as  non-existent,  so  that  we  may  look  at 
thiti  subject  either  with  the  eyes  of  the  physiologist  or  the  jdiys- 
icist.  according  as  we  r«*garil  tln'  cause  of  the  effects  or  the 
latter  and  their  relations  to  one  another.  It  is,  however,  im- 
poasibte  to  understand  the  physiology  of  vision  without  a 
sound  knowledge  of  tlie  anatomy  of  the  eye.  and  an  appruhen- 
siwn  of  at  le,"ist  some  of  the  laws  of  the  sciuuce  of  optics.  The 
student  is,  therefore,  recommoodod  to  learn  practically  the 
coarse  and  microscopic  structure  of  the  eye  in  detail.  The  eyes 
of  mammals  are  sufficiently  alike  to  make  the  dissection  of  any 
of  them  profitable.  Bullocks'  eyes  are  readily  obtainable,  and 
from  their  large  em^  may  be  used  to  advantage^     We  recom- 
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F[o,  WS.— Eji"  [Mirlliilly  <tl»>clnl  infi<-i-  .-i[i(:|-  '  '      t    "jitk-  tiTiv  :  ».  3.  I,  «'lpi>Mle  <Ili*R7I«t 

IrtllTk  *t*m<   li>  IllJllitvr  thi' *-|m'IN>UI  I^HU  :   .'■         ■:    i.  :i      ll  ,  :.!■  .     :ini1   fcl'ttvl   tf(li:k  Willi  fc'li-rrrtJ^ 

cUliU7  Artvrl(4  unit  by  oiHikry  iior^u*  ;  ^^  t^i^u.^l  ^i--'-.';.  JciI"  n-Ulch  tat'  nun  fur'ADuH 
■mpty;  0.  la.  pllll^llll  luu.' :  n.^illiiry  lu-n™;  iK.  loutecUinry  """T;  18.  intofiortniMy 
■rtaflM :  14.  Iru ;  1\  vnwiilar  vlroh-  oC  Irlii :  16.  pujiil. 

mend  one  to  be  boiled  bard,  anotber  to  be  frozen,  and  sections 
in  diiFerent  meridians  to  be  iiinde,  papenially  one  vertical  longi- 
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tndioal  section.    Other  specimena  may  be  diasected  witli  and 
withuut  the  use  of  water. 


Flu,  tOL-OrUla  rwtB  o(  raw.  I  •  10,  (Afttr  fl*p|H>r  >  1. 1.  onM*"''"' Imn:  1.  Iij^lold 
nMnhraiui :  >.  nniile  ft  Zlnn :  t,  irU ;  B,  ■  dllu?  pnrtvi :  9.  nulUUnK  tthm  ot  MImij 
muwif :  T.  ■evUOD  of  cin-ulv  ponion  of  dlMiy  iuuhIp  ;  6.  timkiuii  plcxua  of  rlXtaiy  miu- 
d* :  a.  10.  •daroUc  cMi :  11.  I*.  roroM :  la.  eplihcliol  lajBr  of  wnuw :  14.  p«a«nM^ 
■Bunbrniin ;  13.  im.-Uujtii^  Hwuimit  of  Iri* :  III.  r^fi1ii>liuiii  cif  iiisuibranv  of  DtKceiiHit ;  IT. 
UBton  ul  Kilrrritlc  mat  wliliivniMi;  U,«rvUi.in  ol  niial  urSohlfniiii. 


Assumint;  tbnt  eonii'  such  work  ha»  boon  douo,  oud  thut  tho 
Htucluut  hiui  bt'cniiu- qiiito  fitiniltiM' with  tlic  gL-iicnil  stnictiirB 
of  the  eye,  wc  call  attcntiou  spitMiiUy  to  the  jitrt-ngth  of  the 
sclerotic  coat;  the  great  vasculnrity  of  the  i-hopoiJ  coat  and  ita 
terminal  ciliary  processes,  itjj  pitnnoiiteil  chiiriicter  adapting  it 
for  the  absorption  of  liKht;  the  complicatud  structure  and  pri>- 
tected  position  of  the  retina]  expansion.  It  may  be  said  that 
the  whole  eye  exista  for  the  retina,  and  that  the  entire  mechan- 
iani  he»ide<i  i»  subordinated  to  the  formation  of  images  on  this 
nervous  ex|>ansian.  Tht*  eye  of  the  niamtnal  may  be  reKard(!<) 
M  an  um(nKcmi.-nt  of  refracting  mi'dio,  proteotod  by  covoringii, 
with  n  winilow  for  the  admission  of  light,  a  curtain  ntguluting 
the  iiuiintity  iKlmttti'd ;  a  sensitive  scrcun  on  which  the  imtigvs 
are  thrown;  surfaces  for  the  absorption  of  supertluoue  light; 
u 
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apparatus  for  the  protection  of  tho  eyo  as  a  trhole,  tai<\  for' 
preserving  exj>ow!il  [nirts  moist  tuiU  cleain. 

BmhiyiJogtoaL— We  havo  already  k-arncd  that  the  first  imii- 
cutiim  (if  tlie  t^ye  is  the  formatiua  of  the  optic  rraicU-,  itn  out- 
growth fpdin  the  first  cerebral  vesicle.  This  optic  vusirW  bi*- 
oomt!»  nion>  coiitract«d  at  the  ba«e,  and  the  optic  stalk  romuins 
as  the  optic  iiorve. 


.:.'iii£.-i  \ 


.^ 
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fin,  VA— SForliiu  ttiroueli  hiiul  of  chick  nu  Ihltil  day.  nhoiriiiD  oriRln  nf  pyr  Iktlifr  Y(Ok 
i^iitibft  'uuiU^rvuLui;  rhLcl(i'T;iiijf  Ut  tonw  li^DAt  tt,  emtio  viiifoli* ;  V|.  nm  c4f^bmJ  rimicL 
v.,  pcnlirrlitr  ivri-brol  v.slclv      li  wtlll  be  otao-vi^  thu  Uu  rrilOM  ia  Blnailr  dMluutl*  I 

fa.  WD-— I^lrr  Haea  Fn  ricnloiHueat  Of  eye  Mtar  Q>rdl>l|,    a.  vpfblatf ;  (^  danlciM 
turn  i  9,  ofitic  TTi*id*v 

At  an  early  stage  of  development  (soroad  or  Miinl  day  in  the 
chick)  the  outer  portion  of  tho  optic  vi'stclw  is  jMiflind  inward, 
80  that  the  cavity  is  almost  ohlitcrnt«d;  th«  anterior  portion, 
becoming  thickened,  tiltirnalidy  forms  tht!  retina  proper,  whilu 
thp  po:<tiTi(ir  is  repi-ejientod  l»y  tho  te»8t'hit«d  pigment  layer  of 
tho  choroid. 

As  thiii  retinal  portion  hreiiks  away  from  the  BUperdcial  opi- 
theliiim,  thu  latk>r  forms  an  elliptical  mass  of  colls,  the  future 
li'iis,  the  chanK*'*'  of  wliich  in  the  formation  of  the  cells  peculiar 
to  the  lens  illustrate  Ui  how  great  lengths  (lifforeutialion  in 
struettice  is  carried  in  the  development  of  a  singto  orsatt.  It 
will  thus  he  seen  that  tiie  most  eesential  (inrts  of  tho  oye.  the 
optic  uervo,  the  relinii,  and  the  crystfillinu  len«,  are,  Hccoriling 
to  a  general  law,  tho  earlii.f^t  marked  out,  Tho  cornea,  the  iris, 
the  choroid,  the  vascular  supply,  tho  sclerotic,  etc.,  nre  oil  sec- 
ondary in  imporlancu  antl  in  formation  to  thOHc,  and  are  derived 
from  the  inea<)b!ast,  while  the  essential  structures  are  traceable, 
like  the  norvous  system  itself,  to  the  epiblastic  layer. 
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Ally  Hct  of  [H^rrocf.  virion  iii  n  mamtnal  may  Lu  »huwn  to 
cvnsiift  o(  Ui«  foUowing :  ( 1 )  TJje  f ut-iuiiuK  of  rays  of  Uglit  from 


Fra^  Vr.— Mora  ndTftoced  «(Bae  of  dcTclo^mcni  of  pyt  fjiflo'  Canllat).  a.  epJiliPilAJ  (*!!■ 
fonntHK  Iwn.  now  murh  rMref\ :  ft,  1t'ii>  <ik|>*ulL- ,  r,  iiuiiDeuiia  Uiaue  iilmiil  lo  f^pnu  cmi- 
JUiu^tlVA;  if,  r.  Iwu  bty-'O'  nf  l»|j[|c- viwIl'Ii**  ii"w  rol^lna  iMkuk  Ami  fonnlrj||  n^Una;  /.  iniimiw 
tlxw  (i>rmlii2  Mtrrnna  liii<ii-:nii  p,  liiWowllular  iiilMUinor:  It.  (tuiwi'i'ligt  opllc  Cirrvp; 
4.  ocrtvllbm  «it«rlu(  rcUua. 

on  object  on  tin*  retina,  ao  as  to  form  a  weU-cIeflned  image ;  (2) 
the  miiductimi  of  the  sensory  impulses  thus  Reneraleri  in  the 
retina  hy  the  optie  nerve  inwanl  to  certain  centers ;  anil  (.t)  the 
elalioration  of  these  data  in  consciousness. 

Wo  thuft  havo  the  formation  of  aii  inuigf' — a  physicnl  pm- 
OC88:  aonsntion,  {x-ireption,  and  judgment — physiolu^icftl  and 
psychical  processes. 

In  the  natural  order  of  thinji^  we  must  discuHS  first  those 
arrangements  which  are  concerned  with  the  focusing  of  light 
— i.  0,,  the  fonnation  of  the  image  .on  the  retinal  screen. 


DiopTKics  OF  Vision. 

One  of  the  most,  satisfactory  methods  of  aacorininiug  that 
the  eye  does  form  images  of  the  objects  in  the  fii-lii  of  vinoii 
is  to  remove  the  eye  of  a  recently  killed  albino  rabbit.     On 
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tiolding  up  boforo  such  nn  oyo  any  smull  ohjort,  na  a  p&ir  of 
forccptt,  it  m»y  bo  rtoidily  ubsorvcd  thut  uit  invertiM]  imago  of 
tho  object  is  foniiod  on  the  ba<;k  of  Ibv  oyo  {fundus).  If.  how- 
aver,  tb«  Il'ds  bo  i-uuiovfd  Trom  such  an  oye,  no  image  is  formed. 
[f  tho  lens  bo  itoolf  held  bohiiul  the  object,  an  inverted  image 
will  bo  thrown  upon  w  piece  of  paper  held  at  a  suitable  (ila 
focal)  distance.  By  subetituting  an  ordinary  biconvex  lens,  the 
.tamn  effect  followa  It  thus  appears,  then,  that  the  len»  is  the 
fl»RE!ntia1  part  of  the  refrai'ting  mndiii,  though  the  a(|ueouii  and 
vitreouti  humont  and  the  nornea  aro  also  focusing  iiici'hani.sm»t. 

Tho  sui'faco-s  of  tho  refracting  mt^dia  may  all  he  vonsidor 
to  bo  contored  on  out:  of  Iht^  tu-fs,  which  meets  tho  rotim*  above' 
and  to  tlio  innvr  sido  of  tlm  fovea  centralis.  Wo  may  for 
practical  pnrpu»us  ruiison  from  a  diagrammatic  oye.  the  re- 
fracting sui'faciti  of  which  are  (I)  the  anterior  surface  of  the 
cornea,  (2)  the  anterior  surface  of  th«  Ichb,  and  (3)  the  posterior 
surface  of  the  lens.  The  media  may  be  reduces!  to  (1)  the  lens 
substance  and  (2)  the  aqueous,  or,  as  it  has  about  the  same 
refracting  power,  the  viti-eous  humor. 

By  tho  jHtiffrior  principal  focus  is  meant  the  point  at  which 
all  rny.t  that  fall  im  the  cornea  parallel  tn  the  rjptlc  axis  are 
focused.  It  is  14'64r  Tum,  behind  the  posterior  surface  of  tho 
loDSt  or  22'64(  mm.  bt^hind  the  anterior  surface  of  the  cornea  in 


rro.  liA— BnrrwUonhy  omiTex  tpti*™  infiT  rilol  •ml  WfliilmMt,    Tbn  Irau  mar  W I 

III  ixinilirt  of  B  BFrla  of  Irw*  i  U  in  llRUrei,  lar  ibu  *akir  n(  ninipUiHlr.  IhouBli  of  coun* 
thtu  I*  nut  ttrlcUy  itucural*. 

the  diagrammatic  eye.  In  the  actual  oye  tho  fovoa  of  tJio  retina 
must  occupy  this  position  when  at  rest,  if  s  distinct  image  is 
to  be  formed. 

It  will  appear  that  wo  may  represent  the  eye  as  reducod  to 
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tho  k'lis  iinrl  the  n'tina,  nml  in  many  v(  tL«  illustratiouii  to  fol- 
low this  will  Ih.'  duiic,  TIiB  t-xpt-'rimi-nU  rt'ft'nt'<l  to  uhove  will 
con%i)i(w  tbo  student  that  such  ia  the  case ;  and  wv  may  here 
Btate  that,  while  the  %'ariou(t  principles  involved  in  the  physiol- 
ogy  of  vision  may  1m  illustrated  in  pi-eat  ijerfection  liy  i>litb- 
onto  experiments,  we  slinll  endeavor  to  nupply  the  sludi<nt 
with  accounts  of  very  simple  methods  of  convincing  himself 
Ijy  per!*<iiial  olwervntion,  such  as  may  hi'.  n-i»dily  rrpeabd  (it  a 
futurv  tim<^,  which  i»  mori'  thuu  can  be  said  for  those  that  in- 
volve exiKinsive  apparatus. 


Accommodation  of  thb  Eye. 

Using  the  material  alrottdy  referred  to,  thn  student  may 
ohswrve  that,  with  the  natural  eye  ef  the  albino  rahhit,  its  lens 
(or  better  that  uf  a  buUoc-k's  eye,  being  larger),  or  a  biconvex 
lens  of  glass,  there  is  only  one  position  of  the  instruments  and 
objects  which  will  produce  a  perfectly  distinct  image.  If  either 
the  eye  (retina),  the  lens,  or  the  object  l>e  shifted,  instead  of  a 
distinct  image,  a  blurred  one,  or  simply  fliffusion-eirvifs,  appear. 

A  photographer  must  alter  either  the  position  of  the  object 
or  the  position  of  his  lens  when  the  focus  ie  not  perfect.  The 
eye  may  be  comparo'l  to  n.  camera,  and  since  the  retina  and 
leuH  can  not  change  position,  either  the  Rha])e  of  the  lens  must 
cbuigo  or  the  object  assume  n  different  position  in  space.  Ah 
A  matter  of  fact,  any  one  may  obsi^rve  that  he  can  not  soo 
objects  disliiidly  within  a  certain  limit  of  nuirue.'^s  tu  the  eye, 
known  tu  the  Hear  point  {puiicfum  pnjximum};  while  he  bo- 
comes  conscious  of  no  effect  referable  to  the  eye  until  objocte 
kpproach  within  about  sixty-five  to  seventy  yartK  Beyond 
the  latter  distance  objects  are  seen  clearly  without  any  effort. 
We  thus  learn  that  the  range  of  accommodation  lies  between 
about  five  inches  and  sixty  to  seventy  yards,  though  it  is  cns- 
tomarj*  to  speak  of  the  far  point  as  infinity  (» ),  which  simjdy 
means  that  the  rays  from  objects  beyond  the  distance  given 
above  are  practically  parallel,  and  are,  therefore,  focused  on 
the  retina  without  any  alteration  in  th.'  shape  of  the  lens  {net/' 
ative  aceommodaiicm) ;  ,vf]i\]u  nearer  ones  rLipiIre  this.  When 
object*  are  nearer  tu  the  eye  than  about  five  inches,  for  most 
persons,  the  eye  can  not  accommodate  sufGcicntly  tu  bring  the 
rays  of  light  emanating  from  them  to  a  focus  on  the  retina. 

There  are  many  ways  in  which  we  may  Ijc  led  to  realize 
theso  truths;  I,  When  one  is  remling  a  printed  page  it  is  only 
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Ihe  very  fpw  worrls  Uj  wliicli  tlip  eyes  are  iben  aperially  rJi- 
pactetl  that  are  SDon  dearly,  thi'  rvst  of  the  page  appearing 
hlurral ;  and  the  camp  hotds  for  1h«  objoota  in  any  small  room. 
We  speak  of  pickioR  out  an  acquaintancp  in  an  audiem-e  or 
crowd,  which  impIicH  that  each  of  the  indiviiluala  conii»o«ing 
the  throng  is  not  distinetty  Sflpn  at  the  same  time.  i.  If  an  oh- 
sorvor  hold  up  a  fin^^r  before  his  eyes,  and  dirwt  his  gaze  into 
tlift  di-iUiitro  (rtilnx  his  aciromnuxintioii).  presently  ho  will  U'- 
hold  a  scnoiid  -thiulowy  fiuRer  Wsiili-  tlii-  i-cjil  o«<* — i.  «.\,  hu  acoeJ 
(loublo:  his  i-yi'S,  being  nfcoiiiniiHlal^'d  for  tlm  distant  objecta,' 
can  not  adupt  tlioniso]vt«  at  the  same  time  for  near  oiiok.  3,  Tho 
priuciplu  involved  may  be  moat  precisely  illustratiid  by  Scheia- 


FM.  MiL"tiiMerain  lo  DIuMrkb?  HchiMarr*!  mpprfaiimt  lnf>*r  IjuwlciiBL    TIs  deUni  Uaim  ImU- 
» lh«  ciTHjiuriaiiLiit  uocUt  rtliiub  Uiura  b  tluiiliJi*  vltloii- 


Fia.  410— Tnnplaln  ttchplDiT**  i-ipi-riinvnl  laflrr  Bi'niit^lni.    TheOhlMt  liu  ■  :  the  Imal 
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fir*B  experiments  (Figs,  40ft  sud  110).  Let  two  Bmnll  holos  be 
prirkwi  in  a  farcj.  at  u  distance  from  each  oilier  not  greater 
than  the  diameter  of  the  pupil ;  fix  the  card  upright  on  a  piece 
of  board,  about  two  feet  Iohk,  and,  cloeinff  one  eye,  observe  tlie 
effect  of  looking  at  two  pimi  stuck  into  the  board  in  line  with 
each  other,  at  diS'erejit  di^tancos  apart.  It  may  lie  ob.served  that 
as  soon  as  the  neiu'cit  ]iin  is  approximated  to  the  cnnl  within 
a  certain  dii«taiire  it  faiU  to  hn  dintinrtly  seen,  and  appetiri) 
double* — i.  c,  the  nt-ar  point  is  I'Xct'wK'd  :  tliul  whoii  the  distant 
pin  is  in  focus,  tho  near  one  appeuru  double,  und  I'ice  versa. 
When  tlie  imago  u  double,  blocking  om*  of  the  two  holes 
causes  one  imago  to  disappi-ar,  and  thiti  in  the  right  or  the  left 
hand  image,  acconliiig  as  the  one  or  the  other  bole  is  »toppe<l, 
and  as  it  ib  the  distant  or  near  pin  that  is  seen  an  two.  The 
reason  of  this  will  bo  plain  from  the  above  tiffiires,  but  it  muHt 
be  remembered  that  an  image  on  the  riyht  of  the  retina  is  ad- 
judged to  be  on  the  left  of  the  visual  field,  as  will  lie  explnined 
later. 

In  what  does  a(x-ommodntion  consist  ?  .  If  light  fi-om  u  can- 
dle or  lamp  be  nllowoil  to  fall  ohliqtifly  on  the  eye  of  a  second 
person,  through  it  ciinl  on  which  two  triuugiilnr  lioK-s  have 
been  cut  one  above  the  other,  threo  pain;  of  im»gL-s  of  the  flume 
(necessaiily  triangular)  may  be  seen  reflwU'd  from  the  eye  of 
the  observed  subject,  two  of  wbitdi  are  erect  and  one  inverted; 
the  brightest  and  most  distinct  being  from  the  cornea,  Ihe  sec- 
ond pair  dimmer  and  larcer  from  the  anterior  surface  of  the 
lens,  and  the  smallest  (r)  from  the  posterior  surface  of  the  lens, 
inverted,  since  it  is  jirodueed  by  a  concave  mirror.  When  the 
subject  of  the  obwcrvation 
looks  at  a  near  object,  only 
one  of  these  pairs  of  images 
alters  appreciably,  vix..  that 
from  the  anterior  surface  of 
Ihe  lens,  the  middle  pair  ('*)■ 
Tlie  conclusion  then  follows 
that  accommodation  consists 
essentially  in  an  alteration  of 
the  convexity  of  the  anterior  surface  of  the  lens.  The  images 
appear  nearer  to  each  other  the  more  convex  the  lens  becomes. 
Without  the  help  of  a  special  instrument  {phnk'tftf^npe)  the  ob- 
server may  fail  to  see  the  change,  though  that  the  other  pairs 
ilo  niit  alter  [losition  or  si^e  ho  may  certainly  rcndily  oljserve. 

This  change  in  the  shape  of  the  letis  is  accomplished  a0 
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foUowH :  Tlio  luns  is  nitturully  vury  t'liulic  and  U  kept  in  a  par- 
tially  uumprL-sst'd  cuiiditiun  by  its  cajisule,  to  wbicli  is  altavbml 
the  suspeimury  ligament  which  has  a  posterior  attachtueat  to 
Lhe  choroid  and  ciliary  prucosses.    When  the  ciliary  miucle. 
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rin.  Itl  -  tUudrniivi  nii'Chanlfini  ut  nrtnwmnAttltn  infifr  Pit-Ill,  tlM  Itfl  Mt  dnili^U  Ibp 
rvlaUuii  ul  (luu  durioK  ibe  puiUiv  mndlliciD  »r  Hip  *tp  tnrsntive  MOOnmooaUao.  or 
Wicainiiiuilallua  fur  Iuuk  diutuiucc)  1  Uio  rlcbt  cMc  ttutt  tor  new  ob}c«U. 

which  Operates  from  a  fijtod  point  thw  cornoo-sclurotic  junction, 
pulls  upon  the  choroid,etc.,  it  rclaxus  tho  suspensory  ligament; 
hnnce  the  lens,  not  being  prussi-d  upon  in  front  as  it  is  from 
behind  by  the  vitreous  humor  (invested  by  its  hyaloid  niein- 
brane),  is  free  to  bulge  and  so  increase  its  refractive  power. 
The  nearer  an  object  approaches  the  eye,  the  greater  the  diver* 
genre  of  the  rays  of  light  proceeding  from  it,  and  hence  the 
nccossity  for  greater  focusing  jjower  iu  the  lens. 

If  a  person  be  observed  closely  when  looking  from  a  remoto 
to  a  nenr  object,  it  may  be  noticed  that  the  eyes  turn  inward — 
i.  0.,  thv  visual  axes  converge  and  the  pupils  cimtracl.  These 
are  not,  however,  essential  in  the  sense  in  which  lh«  changes 
in  the  leuit  are ;  for,  as  before  stated,  in  the  absence  of  the  tens 
distinct  vision  is  quite  impossible.  Weru  udditional  evidence 
oecessAry  tu  show  that  uccumirKHlation  is  clFectod  ns  described, 
it  might  be  stated  that  by  stimulation  of  the  lenticular  gan- 
glion the  ciliary  muscle  may  in  an  animal  thus  experimented 
upon  he  shown  to  contract,  the  choroid  to  be  drawn  forward, 
and  the  anterior  convexity  of  the  lens  to  be  increased.  Vaso- 
motor changes  or  alterations  in  the  size  of  the  iris,  if  thoy  have 
any  effix't  upon  the  lens  at  all,  must  play  a  very  unimportant 
part.  Tho  movements  of  the  iris  do,  however,  serve  an  imjHtr- 
tont  purpow,  and  to  that  subject  we  now  turn. 


VISION. 


S6ft^ 


Alterations  in  tub  Size  op  the  Pcpil. 

The  puiiil  varies  in  mxe  according;  as  the  iris  is  in  a  greater 
or  less  degree  active.  All  observnrs  are  agreed  that  the  circu- 
lar fiherii  around  the  pupillary  margin  are  niuHcular,  forming 
the  so-called  »phinct«r  of  the  iris* ;  but  great  differences  of  opin> 
ion  still  exist  in  regard  to  the  rndiatiiig  fillers.  It  is  thought 
by  many  Ihiit  all  tlm  chiuigcs  in  the  iris  iniiy  Ik-  explained  by 
the  vln^tic-ity  of  its  i^tructiiri^'  without  ni«i«uming  the  existence 
of  muscular  flborx  other  than  thusd  of  the  Kphinctcr;  thuii  a 
contraction  of  tho  latter  would  result  in  diminution  of  the  pn- 
pillnry  aperture,  its  relaxation  to  an  enlnrgt-niL-nt,  provided  the 
reel  of  the  iris  were  highly  elastic. 

The  concliisionD  in  regard  to  the  innervation  of  the  iris  rest 
largely  upon  the  resultn  of  certain  experiments  which  we  shall 
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now  briefly  iletAil :  I.  When  tho  lliinJ  nerve  is  diviilecl,  sthnu- 
Intion  of  the  nptic  nerve  (or  retina)  iloes  nnt  cause  r^ntrartiun 

tliu  |)ii]>il  iLf  usua),  i.  When  the  optic  nerve  in  ilivtdei),  light 
iiu  tongiT  i*4iii5e»  a  ninlractiiin  of  tlu*  pupil.  thoiiK''  •'^tiuitilation 
of  the  thinl  uvrve  or  ItK  center  in  the  Anterior  porliun  of  thu 
floor  of  the  Mijnwinct  of  Sylvius  riot*  hTh\tt  nlxnit  tliiit  ntiiilt. 
3.  Section  of  thu  cervicul  syiupulhi-lic  is  foili-wtil  by  (.■ontrat-| 
tioii  and  Htimnlation  of  its  perlplR-ral  end  by  ililiition  of 
pupit. 

Front  sncli  experiiuentjj  it  ban  been  concluded  that — 1.  Tli 
>tic  is  the  affervnt  nerve  and  the  third  nerve  ihc  fiffr-rent  ner^"e 
^condornol  in  the  crintraetion  of  the  pupil ;  nnd  tlmt  tlio  center 
in  the  bmin  in  sitimti-d  as  inilii.'Ated  nbuvr,  i*o  thiit  th«  net  i»  or- 
dinarily a  reflex,  i.  That  thu  cervical  syni|mthetic  is  llir  [mth 
of  the  afferent  inipukus  regulatiu^;  tlie  actiuu  of  tho  radiuUnj{ 
tillers  of  the  iria 

Its  wnter  has  l»een  located  near  that  for  the  contraction  of 
the  pujiil,  and  it  may  be  assumed  to  exert  a  tonic  action  over 
tlie  irii*  coinpitrable  to  that  of  the  vaso^tnotor  center  over  the 
blond -vtwsels. 

The  impulses  may  Ir'  trftced  through  the  cervical  ^Jinpn- 
thetit.^  and  itii  ganj^lia  back  to  the  first  thoracic  ganglion,  and 
theiice  to  thfi  spinal  cont  and  bmin.  Theri'  may  be  subsidtHry 
centers  in  the  cervical  spinal  conJ, 

There  are  facts  which  it  is  diflicult  to  explain  in  the  abn% 
manner.  Thus,  when  atropin  is  dropped  into  the  eye,  the  dila- 
tation is  ffreater  than  that  which  follows  section  of  the  optic 
nerve  or  the  third  nerve.  In  siii-b  ft  caw.  paralysis  of  llio  con- 
tracting mechanism,  by  which  the  dihttiiig  mechanism  is  left 
frw  to  net.  should  pn>iiuoe,  we  might  suppose,  the  grentest  pos- 
sible iHlatiou  of  tho  pupil,  esi^otinlly  if  we  iu»unie,  as  stinie  do, 
that  there  are  no  radiating  muscular  fibers,  but  that  nil  the 
offoctB  are  producwl  through  the  sphinotwr  of  the  iritf;  but  such 
is  not  thu  ca»e.  Thu  result  hu»  boen  set  down  to  tho  action  of 
the  drug  upon  a  local  nervous  itiechanism,  or  the  muscular 
lilwrfl  themselves,  or  to  the  vaso-motor  changes  said  to  be  co- 
incident. This  view  is  strengthened  by  the  fact  that  stimu- 
lation of  the  retina  in  a  recently  removed  eye  will  cause  some 
reHex  contrnctinn  of  the  pupil.  In  explaining  the  actiim  of 
drugiit  i>n  the  pupil  we  are  not  limited  to  either  a  purely  lociil 
or  a  purely  central  influence;  some  seem  to  act  in  one  stage 
mori'  upon  thu  centers,  in  another  nmre  locally,  Vii«i-iaotor 
influences  undoubtedly  do  affi-ct  the  size  of  tin-  pupil,  full  vesiiels 
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tondin^  to  contraction  mir)  tlii;  ruvt-mu  to  (]ilntit>i).  Upon  the 
wliiilu,  it  liui'iiis  liL-iit  U)  ii-'gAnl  Ihu  two  iiutIiiiiuhiuh  iw  sujiple- 
m«ntaiy  to  onu  anolliwr,  su  llmt  usuiilly  witli  incriMia!*]  action 
of  the  one  thtTH  is  dimiiiisliuil  notion  of  ihi'  oilier.  We  fiml 
that  tho  two  i-yea  movn  in  harmimy,  auit  that  the  two  pu]iib)  tu 
health  are  always  of  the  -same  size.  Li^ht  thrown  n)Kiii  one 
eye  contract!*  the  pupil  of  the  other.  We  are  tlius  k-*!  to  bu- 
liovo  iu  a<««uciut(Hl  or  <ron8oniiuiil  niovvniunt  of  the  in«,  owing 
to  ner^'ous  ctjnncctiunn  bt-twcun  thu  various  (x-nti<rs  involved. 
These  art'  pliysioIoKicnl.  but  whether  snutomiL'al  or  not,  in  tho 
seoite  that  annectant  fiher«  exist,  ia  uncertain;  end,  however, 
in  tho  evnintion  of  fiin<-tian,  they  may  have  heen  at  fir«t  pri>- 
ducDcl,  have  hei-n  .'to  ntri-nKthetuxl,  aciccnling  to  the  law  of  halnt, 
thiit  now  it  i»  with  the  gmitnst  dilllriilty  that  one  may  li-iirn 
to  move  ono  eye  indcpcndt-ntly  of  tho  othxr,  or  nx^lify  tho 
form  of  tbt;  pu])iU  without  itlxo  shifting  thu  visual  axvu. 

]t  is  to  \w  rcmcinbttri'd  tliut,  although  tlu*  dilating  contor  is 
automatic  in  action,  it  mny  also  act  rtflcxly.  or  1mi  modilied  by 
unusual  afferent  impulsi's — as,  e.  g„  tho  strong  stimulation  of 
any  sensory  nerve  which  causes  enlargenieot  of  the  pupil 
through  inhibition  of  the  center.  To  render  the  paths  of 
impultieB  affecting  the  iris  somewhat  clearer,  it  is  well  to  lH>ar 
in  mind  the  nervous  Biipply  of  tho  part;  1.  The  third  nerve, 
through  the  (biliary  (ophthalmic,  k-uticular)  ganglion,  .supplies 
short  ciliary  n<-rv(*i  to  the  inn.  ciliary  muscle,  and  choroid.  S, 
Tho  corvicjil  isyinpatbelic  rt-achos  tho  iris  rliicfly  through  tho 
long  ciliary  ucrvos  and  the  ophtbiilmic  division  of  the  fifth, 
3.  Tboroaro  sensory  fibors  from  the  fifth  nerve;  and, according 
to  sonio  obHurviTs,  tiUo  dibtting  libers  from  this  nerve  inde- 
pendent of  the  sym|tnthotic,  AS  well  as  those  thut  may  reach 
the  eye  by  the  long  ciliary  nerves  without  entering  ibe  ciliary 
ganglion.  4.  The  centers  fmm  which  both  the  contracting  and 
dilating  impulses  proceed  are  situated  near  to  each  other  in 
the  floor  of  the  aqueduct  of  Sylviua.  It  is  of  practical  im- 
portance to  remember  the  vaj-ious  circumintaiicos  under  which 
the  pupil  contract.s  and  dilate.s. 

Conlnttiion  (Mito/tin).  —  1,  AtNM?s8  of  strong  light  to  the 
retina.  2.  A»>i(>cii^tod  contraction  on  accomuiodat ion  for  noar 
obJMts.  3.  Similar  nssociat^^^l  contraction  when  the  visual  aicos 
coavergi',  tiA  in  accommodation  for  near  objects.  4.  Reflex 
stimulation  of  afferent  nerves, as  the  nasal  or  ophthalmic  divis- 
ion of  the  fifth  nerve,  ft.  During  sleep.  «.  ITpon  stimulation 
of  the  optic  or  the  third  tierve,  and  the  corpora  quadrigemina 
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w  adjacent  parts  of  th«  brain.    7.  Under  the  effects  of  oer 
dm^  as  jihysoatitnnin,  morphia,  titc. 

Dilalion  {Mi/ilria3is}. — i.  In  darkneaa.  2.  On  stunulation 
of  the  cervical  sympathetic.  3.  l>unnj{  asjihyxia  or  dyspnrea, 
4.  By  painful  M-ritwtions  from  in-itntiuu  of  piTipberal  part?. 
6.  From  tUo  uction  of  certain  drugs,  as  atropin,  etc.  The 
etudimt  miiy  imprcsH  most  of  theiw  facts  upon  his  miod  by 
makinif  the  necessary  obsurvations,  which  can  be  readily  done 

Pttholo^eaL — As  showinR  the  importance  of  such  connec- 
tions, wb  may  instance  the  fact  that,  in  certain  fomi8  of  nvrvous 
diseaKc  (e.g.,  locomotor  ataxia),  the  pupil  contracts  when  thw 
eye  is  accommo(iiitcd  to  neiir  oliji-ct?.  but  nut  to  light  (the 
Arg:yll-Robert«on  pupil).  In  other  caiH«,  owing  to  bniin-die- 
case,  the  pupiU  may  bo  comrtuntly  clUatod  or  the  reverse;  or 
one  may  bo  dilated  and  tlio  otlior  contructod. 

Optical  Imprrpections  op  thk  Eve. 

Tho  defects  to  be  notioud  now  are  common  to  all  human 
eye*,  and  probably  to  the  eyt-s  of  nil  mammals,  tbouf^h  in 
eomo  poruone  certain  of  them,  as  astigmatism,  are  of  so  seriouii 
a  character  that  they  require  spwial  remedies. 

Spherical  Aberration. — The  nature  of  this  defect  may  bo  boat 
learni'ii  frum  wn  examination  uf  Fig.  414,  below.  It  will  be 
seen  that  rays  of  light  passing  through  the  lens  are  brought  to 


Vxa.  *H.    UluitnitlnK  •phi'fl™!  nlipmilino  \itl>-t  [^■Cnnii-v    Tin- (■™i  liiuiKi-  n  [..iti..  j  , 


a  focufi.  varying  with  the  point  of  tin.'  li-iiJ*  thn^ugli  which  Ihoj- 
pass,  the  focusing  power  of  any  ordinary  convex  lens  Iwing 
greater  toward  the  circumference.  This  defect  is  believed  to 
be  corrected  in  the  human  eye,  at  least  to  some  extent,  by  the 
following: 

1.  The  iris  cut«  off  the  more  strongly  refracted  outer  rays. 
8.  The  corneal  curvature  is  rather  ellipsoidal,  so  that  lho»e 
mys  farthest  from  the  optical  axis  are  least  deviated  by  it 
3.  Tho  anterior  and  ]>osterinr  rurvatures  of  tho  lens  are  cor- 
rectlvo  of  each  other,     -t.  The  [lower  of  refraction  of  the  len» 


VISION. 


578 


docie  not  increase  regtilarly  from  tits  oentor  to  tho  eiruumfer- 
encp. 

AstigmatlasL—In  this  clefeft  the  vertii'-al  meridian  is  sup- 
po»ud  to  \w  more  convex  than  the  horizontal,  as  is  partially 
the  case  with  the  cornea  of  the  eye,  and  it  is  to  this  body  that 
n.«tii;Tnatii<m  ix  usually  reft-rable,  rather  than  to  the  lens,  though 
the  Itttti-r  may  also  be  defective. 

Id  AstiKuiAtism,  when  a  vertical  lino  is  in  focus  a  horiKontoil 
CAO  not  bp  distinctly  seen,  and  the  reverse.  This  any  ono 
may  roiwlily  demunstrate  to  himself  by  drawing  ono  straight 
line  at  riglit  angles  to  the  center  of  another  and  looking  at  the 
fiffurc :  when  the  one  is  .wen  distinctly,  tht^  other  is  hlurrcd.  It 
is  to  be  iKirne  in  mind  that,  in  order  to  sue  a  horizontal  line 
distinctly,  it  is  of  most  importance  that  the  rays  that  diverge 
from  this  line,  in  a  series  of  vertical  planes,  be  well  focused, 
rather  than  those  which  diverge  in  the  plane  of  the  line  itself; 
BO  that,  when  the  cornea  is  most  curveil  in  the  vertical  meridian, 
a  horiztrnta!  line  will  be  represented  by  an  image  of  a  hnrixontal 
line  at  the  nearer  focu.s — i.  e.,  when  the  vertical  ia  the  most  con- 
vex mm-idinn,  horizontal  lines  are  soonest  focused,  and  this 
holds,  in  fad,  of  tiioitl  eyes. 

When  the  astigmatism  alTucts  suvoral  meridians,  "  irrugular 
astigmatism  "  results. 

The  defect  in  question  is  to  be  corrected  by  glasses  made  of 
sections  of  a  cylinder,  thickest  in  the  region  corresponding  to 
tJiat  of  greatPHt  corneal,  etc.,  defect. 

Chromatic  Aberration. — In  the  Ugure  below,  in  which  h  h  rep- 
TOMinl.s  the  lens,  it  will  be  seen  that  the  violet  and  red  rays 
have  different  foci,  so  that,  wlien  the  eye  is  accommodated  for 
the  ono  set  of  rays,  the  others  are  seen  indistinctly.    Assuming 


no.  115. — Dllgrmm  U>  UluiKjtt*  ohronwUc  ahmallon  loflcr  Foter). 


that  the  retina  is  at  /.  the  rnys  will  be  blended ;  but  if  between 
Tand/,  or/and  R,  the  blue  cenUJr  will  have  a  red  circumfer- 
ence, and  the  reverse  respectively. 

As  the  focal  distances  fur  near  objects  differs  so  little  usual- 
ly, this  defect  is  not  observed  by  on ;  but  it  may  bu  made  ob- 
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Tiouf)  liy  looking  nt  a  llniiio  tliruugli  cobalt-bluu  glass,  which 
allows  only  tin-  ml  itml  lilm.' mystopiwis:  the  Hanif  toay  apjwiftr 
i-oil  .surn)UiiiJ»-«l  by  blwv  or  blin'  surroumlpO  by  rptJ,  ai-conling 
to  the  ciianiclcr  of  tho  accommoilation  of  tht-  pye  at  the  timo. 
Since-  tho  oye  hiis  to  ho  occommodttted  for  violet  (sfte  Fig.  41ft) 
morv  limn  hluo,  hodit-s  of  wjuwl  nize,  red  in  color,  always  apiK-tir 
oean-r  Ilmn  vtolut  onuo.  H»--iicf,  also,  it  is  dilhcull  to  w.^  th« 
rod  aud  violt>t  uf  thu  »t>€ctrum  witli  »c)ual  distinctness  at  the 
same  time, 

Sntoptifi  Phenomea*. — <  )|)aq[i(!  botlios  in  any  of  tho  modia  of 
the  eye  may  tra^t  slmdows  on  the  retina. 

When  moviihle,  as  tliey  often  arv  in  the  vitreous  humor, 
tliey  are  known  as  vi<t»nr  voh'lantiH,  from  their  fancied  resem- 
blnncf  to  j^nt  tti«. 

One  looking  througli  a  microecope  is  apt  at  lirst  to  see  what 
doGB  not  exist,  ajiart  from  his  own  eye,  owing  t«  various  forms 
of  the  nature  now  referred  to,  but  whirh  may  l»e  distingtiishfi 
from  real  objocts  by  the  inabihty  to  lix  them  in  the  field  (if 
vision,  for  as  soon  as  the  attempt  is  made  they  vaiiiab. 

Tears  on  the  cornea  ami  olber  inequalities  from  foreign 
bodit*s,  pressure,  etc.,  likewise  give  rist?  to  suvh  plieiionK-na. 

An  interesting  little  vxperinient.  which  illustnites  Imlh  the 
altoratiotia  iu  sizl-  of  one'ii  own  jmpil:;  with  the  amount  of  light, 
and  at  thu  stimi''  time  irrvgulnritiiiu  in  their  margins,  if  they 
exist,  may  be  thus  cnrried  out:  Let  u  piu-holu  he  pricked  in  a 
card,  and,  holding  this  close  tu  thv  eye,  look  at  n  light  or  u 
hright  surface.  On  opening  and  closing  the  other  oye  the 
rhaiigea  in  the  size  of  the  pupil  of  the  first  eye  may  be  seen 
to  iiltiT  with  the  amount  of  Hght  admitted  to  the  socoud — i,  e., 
the  field  of  view  is  alternately  diminished  anil  increased, 

Anomaliea  of  Refraction. — 1.  We  may  speak  of  an  eye  in  which 
the  rufnictive  power  i.s  such  that,  under  tlif  limitations  referred 
to  before  (page  5'i4|,  imagetn  are  foonsed  on  the  retina,  as  the 
emmetTiipiv  eye.  The  latter  is  ilhistratiil  liy  Fig.  416.  In  the 
upper  figure,  in  which  the  eye  is  repre«-nleil  as  passive  (nega- 
tively acc(minunlated),  parallel  rays— i.  e.,  rays  from  objects 
distant  more  than  about  seventy  yards  (according  to  some 
writers  much  loss) — are  focused  on  tJie  retina:  hut  those  from 
objects  near  at  hand,  the  rays  from  which  are  divergt-nt.  nsv 
focused  behind  the  retina.  In  the  lower  figui-e  the  lens  i*  n>p 
resented  as  more  bulging,  from  ftccommo<]ation,  as  such  diver- 
gent rays  are  properly  focustnl. 

■i.  In  the  myopic  (neiir-sighted)  eyo  the  jjarallel  rays  crow 
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within  the  \'itreoiis  humnr,  and  tliffnsinn-cirrlps  ItPinff  ffii-nio<l 
on  tho  rbtiiia,  Ui«>  imago  of  ilio  object  U  iieccKsai-ily  blurred, 


FlO.  at— Pl«;miii4  U>  lllii*tral>  mnilRloiu  of  rcfrm.-IlLin  hi  ii»riiuil  v)-"  vlimi  iiiucMaina- 


»o  tlmt  an  object  must,  in  the  cue  of  such  an  eye,  bo  bnmght 
uuiiDtuilly  ni.'ar,  in  order  to  bo  sowi  distiiictly — i.  (v  the  M«ir 


Fid.  4IT.-Aaum>UcBaf  rcfntctlotiUia  mroplDcr*  (Afcei*  tjindnlnv 

paini  U  abiiornmlly  nwir  and  tho  far  poriil  r1«o.  for  parnllcl 
nya  cim  uot  bo  fucusi-d :  tu>  tlmt  objects  muKt  bo  nuar  enough 
for  the  myx  from  thorn  tlmt  ent«<r  tho  eye  to  be  diverf^ont. 

The  myopic  eye  is  uaunlly  a.  long  eye.  iiiid.  thouifh  the 
mLvhuuii^m  of  sceoinmodalion  may  be  normal,  it  is  not  so 
UMuatly,  the  ciliary  muscle  being  frequently  defwctivu  in  somo 
of  its  fibers,  which  may  1m>  either  hypprtniphied  or  atrophied, or 
with  some  affected  one  way  and  oIIipm  in  the  opposite.  More- 
over, there  is  also  generally,  in  bad  raseo,  "  Hpa^m  of  accommo- 
dation" (i.  e.,  of  the  ciliary  mu-scle),  with  increased  ocular 
tension,  etc.  The  rfmedioi*  are.  rest  of  the  Hccnmmodation 
me<:hitnism  and  the  umo  of  eonenvo  glfuweg. 

3.  Tho  uppooitu  dufuct  in  hypermetropiiL  Tho  bypermetropie 
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oyo  (Fi^.  418),  being  loo  short,  parallel  rays  are  focu)«(<d  be- 
hind the  retina;  hence  no  distinct  image  of  di.itant  objtt'ts  cau 


Fio.  418,  -AnomallH  of  Tstroalluu  in  tlie  hjrpennatrniilc  vyo  (attrr  Landota). 

bo  formetj,  and  they  i-4»n  only  be  seen  clearly  by  the  use  of  oou- 
vox  gbiK.sc<s,  L'xcept  by  the  strongest  efforts  at  arcommodatioii. 
Wliwn  the  *ye  is  passive,  no  objects  are  seen  distinctly  Imyond 
a  lurliiiii  ilistuiiL-e — i.  c  the  near  point  is  abnormally  dii<t4Uit 
(eight  to  eighty  inches).  The  defect  is  to  be  remedie<t  by  tbs 
use  of  convex  glasses. 

A.  PreBbyopia,  rosmltiniK  from  the  prrabyopir  pyp  of  Ibo  old. 
is  owing  to  defoclive  focusing  power,  partly  from  diniinisht-d 
elnslicity  (and  heiii-o  llnttf^nlng)  of  the  lens,  but  chiofly,  prob»> 
bly.  to  weakiit^i^  of  lht<  ciliary  muscle,  so  thnt  the  cbangea 
required  in  the  shape  of  the  lens,  that  near  objects  muy  be  dis- 
tinctly seen,  oan  not  be  made.  The  obvious  remedy  is  to  aid 
the  weakenerl  refractivo  power  by  convex  glasses.  It  is  prac> 
ticalty  importivnt  to  hcnr  in  mind  tliat.  as  soon  as  any  of  thi«u 
defects  in  refractive  powx-r  (though  the  »amo  remark  applies 
to  all  ocular  abnormalities)  uro  ntcognixed,  the  renicdy  should 
be  at  onou  applied,  otherwise  complicatious  that  may  be  to  a 
largo  extent  irremediable  may  ensue. 


VispAL  Sbssations. 

We  have  thus  far  considered  merely  what  takes  pine©  in  the 
eye  itself  or  the  physical  causes  of  vision,  without  reference  to 
those  nervous  changes  which  are  essential  to  llio  peiveption  of 
an  object  It  is  true  that  an  imago  of  the  object  is  forminl  on 
the  retina,  but  it  would  be  a  very  crude  conception  of  nervous 
proc('s.xes.  indeed,  to  assume  that  anything  resembling  that 
imag'f  wen?  formed  on  the  cells  of  the  brain,  not  to  speak  of 
the  supiTposition  of  images  inconsistent  with  that  clear  mem- 
ory of  objects  wo  retain.    Before  an  object  is  "  seen,"  not  only 
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miiat  thiTP  bt'  a  fluar  iiuAffi'  fui-mod  on  the  retina.  l)Ut  impiilae^ 
generated  in  thftt.nerw  cxpuusioa  must  be  conducted  lo  Um 
brain,  and  ruusa  in  curtuin  cells  there  pecuHar  uioIe<-ular  condi- 
tions, u|Kiii  whii'h  the  iM>roL<ptjon  tiiially  dejH'nds. 

For  the  sake  of  clearness,  we  may  speak  of  tJie  changm 
*-fffN-t©din  the  retina  as  «enAor{/  iw/>rp.<i.fiofi»or  impulMt-H,  which, 
wlii-n  conipletftl  by  oorrespondiiig  change;*  in  the  bruin,  duvi'lup 
into  ttnutaiionii,  which  are  represented  psychically  by  jMtrirejt- 
tioits;  hence,  though  all  theite  have  a  natural  connection,  thoy 
may  for  the  moment  be  (considered  separately.  It  is  iw  yut 
beyond  onr  power  to  explain  how  they  are  relaUnl  Ui  cwch 
other  extxipt  in  the  nioHt  funeral  way,  and  the  ninnnur  in 
which  n  mi<ntAl  perception  ^myr*  out  of  a  phytiiciil  alteration 
in  tbo  molocuIcM  of  the  bmin  is  at  priwont  eutiruly  beyond 
Jiurnan  comprvheusion. 


Kin    113 

Fn.  ild^Tirlica]  xvllon  of  r-'lliin  iitfor  H.  MOIlrri  1.  m--  i 
looMw:  't.a.  <k  ••ilrninl  irrsniil"  Inirr  :  T.  inlemol  c'lu'il' 
Dwrluer;  II.  lajvr  of  narvc  i-rJIn  ^  It.  It.  fllimi  of  iiiHU  m/ 

7W.  4aL— 0*>n>Mt>oa  ur  nid*  ami  t'oua  uf  rMliis  otih  u-rin 
t,^t,ra*Mid  cuiHB  afni  fruni  to  frunl :  i.  S.  11^  ■I'tp  rirw. 
IMftMirftaKllpiiv. 
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Affeotiou  of  the  Retina.— Tlitiru  is  uo  tloubt  that  tbo  fibers  of 
the  optiu  iiervett  c-aa  not  of  tbemsolvcM  hu  dirvctly  afl'vctud  by 
light.  This  luny  bi-  ox[RH-imi.'iil«lly  iluiuuimtmto<l  to  one's  «elf 
by  a  vtirioty  of  nivthuiU,  of  whk-h  ibu  foUuwiti);  uru  readily  riir* 
riod  out:  1.  Look  at  thu  ciri;!*)  (Pi);.  431)  oti  the  luft  hand  with  tbo 


du.  m  lafbT  IWmpMa). 


right  eye,  the  left  beiiiK  flowed,  and,  mth  the  pa^  about  twt>lv« 
to  fifl«en  ini'hea  diatwnt,  Kradiiaily  approximate  it  to  tho  ey^ 
when  suddenly  the  cross  will  disappear,  its  image  at  tlint  dis- 
tance having  fallen  on  the  bliiidspo/,  or  the  point  of  ontmucu 
of  the  optic  nerve.  2.  Fixing  the  eye  as  before  on  a  rnnrk  on 
a  sheet  of  white  jiaper  made  by  a  |>en,  draw  the  latter  outward 
till  its  point  disappears  from  view,  Mark  the  location  of  the 
pen-point  when  this  occurs,  aud  continue  tlie  tnovcmvnt  till  it 
again  np{H3nrs.  Mark  this  point  a]so.  This  prix-ostt  may  be 
coutiuuixl  in  otht-r  diroctioim  boitides  tht^'  borizontAl,  and,  by 
joining  these  points,  nn  irrugular  outline  ia  forniod,  marking 
off  a  portion  of  th©  "  vitfunl  fivld,"  within  which  there  i«  roally 
no  vision.  3,  A  small  image  from  n  tlurau  projected  on  the 
blind-spot  by  a  mirrur  ix  not  visiblv,  though  tfadily  perceived 
wbeu  it  fall*  ou  tho  retinu  propor. 


I 
I 
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rill,  ra  -'Dla«rrniiiinall(^  ■vtlonnf  maciiln  1uTiw<*ftn'n<iz1«r),  a, a, pUnnCDt  ef  chnroU : 
D.  c.  nKk  unil  •■•iiHW  ;  it,  d,  nulvr  RrB-niilftr  or  niiclnnr  \tjtr ;  f.  f,  Inapr  grvuiltr  ta^v : 
p.t7.  mnlKiiitiu' lajrrr;  fi,  A.  layer  or  lurrTe-ccUa  ^  i.  (.  Dbm  of  i^c  nem^ 

It  remains,  then,  to  detennine  what  part  of  the  retina  is 
affoctod  by  light.    The  evidence  that  it  is  the  layers  of  rods 
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And  cones  is  canvLnciiiK,  If  it  could  be  ehuwn  that  part«  of 
the  retina  itself  intbrnul  to  tIiu«o  iay-Bva  cant  prrvfptible  nhnd- 
OW8,  the  (.-onclusion  Ihiit  tlio  ruils  and  coiib«  nro  tlii<  u!Wi-iiliul 
part«  of  the  smisory  orgau  would  bo  inevitable.  Thi-  folltJwiDg 
exiwritnent  proves  this:  When  a  light  i»iuuvvil  tmckwanl  and 
(orwnni  (to  prevent  retinal  fatiguo)  hffnro  the  uyu,  so  tliat  the 
mys  from  it  enter  the  organ,  while  thf  aubjeet.  standing  in  a 
ilark  ruom,  gtM!L-r<  tnwnrd  a  plain-colored  wall,  his  accummoda< 
tion  btiing  rL'luxed.hi*  will  liehold  radiating  shnduws,  sompwlint 
BUggestivv  of  the  UfitleH:«  ImuudieH  of  an  uld  trea  Thesn  cor- 
respond  with  the  pictuiti  of  the  retinal  vl'sshIh  at  ascertained 
by  an  examination  of  the  eye  with  the  ophthalnioHRoi>e.  Somu 
persons  always  see  the  shadows  of  the  blood-corpusclos  ulso; 
and,  in  fact,  one  ]>hyfliologist  has,  by  observing  lln'ne,  ailculiiUt] 
the  rat^'  of  the  btoud-tlow  in  the  retinal  voi<)(uls.     lusk-ud  of 


Fin.  m. 


pio.  ua. 

.  nn  which  mny  \m  rlliiittitiiihlxHl  thi>  |iolrit  "f  ■■nlntnn-  nt  tipij''  iirriY.  ii^  (hp 

Vto.  W  -  Diivniii  u.  fX[>tBlH  '([wnrri'^Di  ['>  K^t  I^urklnj'^'^t  fli^n-t  In  IhK  rju«  iht  hclii 
iMJii  Lhr^niuh  Uir  It'MA,  A»  iiiiiuc*'  ut  fui'iiii'il  *n>  tin-  nTtnu.  aii'I  Tlir-  Uifltt  In  F<-niH'ir<]  tr"m 
lliEa  imnif-  r'>nii4ilh«-r  iiivr  uf  Ihi*  mllnii.  M  wtait'fi-  b''ia£  li^p<*  tlliuiitiinlt'iL  thf-  »hmlifvr«c>f 
UiH  n'liiLrtJ  Ti'f«b^]i  iLTv  m'irv  rwlllv  pntvli-Hl  T'lii^^  -ui^rxipir  th*  ojin-TIn  [c>  (>■<  Icl-I  M  ii. 
lid  >T»n4^t-  h'JIl  !>•' fp"jrn>('<l  n(  fi  Alia  raftHtfKl  In  r^  nr  qhii-li  |nim[  ii]]iblHtu-4xp|i>-nr  ninl  an* 
projn^lfl  litiijtlip  «flUJU  ndd  at  d-  Br  Tnovlnjr  Lliv?  uan^lli-m  u',  wo  prl  nov  ivUlitv  iHnvl- 
ttona  ruriiiiBK".  vhh-K  "Uv  l^WBcnwWInl, 

moving  the  light  to  and  fro,  it  may  be  concentrated  for  «  few 
seconds  by  a  lens  with  the  same  result — the  appenraiici.'  of 
Purkinjf^'s  fi<jumH,  as  they  are  termed.  When  the  light  in 
toovod,  they  shift  plare  correspondingly.  If  the  sensory  parts 
woro  not  8ituut<.'<l  hehiml  the  retinal  vessels,  it  m  im|K>ssible  to 
cuiict.>ivo  how  tlivir  8hadow»  could  tit;  »een,  and  certain  mathe- 
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mntioal  calculations,  hnaod  on  <lata  derived  from  the  ex[>cri- 
mont  just  doscribod,  locate  the  iiart  concerned  in  the  layer  of 
rods  and  oouw*.  Putting  togothur  all  ttie  facts  of  exix-riinent 
with  thoee  dorived  from  iiathological  conditions,  tlicrv  linenis 
to  lie  no  reaHonahle  doubt  that  the  rodi*  and  cones  of  the  retina 
are  the  Beat  of  origin  of  the  visnal  impulsi?^. 

The  porformaiiri*  of  the  oxporimenl  ns  jfivvu  aliove  requires 
nsualty  two  pursons,  but  Ihort-  are  »implur  mtithoda,  which,  in 
»omu  casoD,  ul»o  bring  out  the  figures  more  satiflfactorily :  (I) 
It  oftun  fiufficGs  to  move  the  head  hack  and  forward  hefoi-o  th» 
tube  of  a  microscope  without  its  objective ;  or  (2)  to  inovL-  rapidly 
a  rard  with  a  pin-hole  held  clot<e  before  tlie  eye,  while  the  aub- 
joct  gaze?  at  a  bright  clear  sky.  When  the  card  is  movod  from 
side  to  side,  the  vertical  vl-ssl-Ih  arc  won ;  if  up  and  down,  the 
horizontul.  Tliu  shadowi<  uf  the  cupillarioy  come  out  es]KH;ially 
well  by  this  method.  It  la  essential,  however,  whatever  jilux 
be  adopted,  (o  gaze  into  infinite  distance,  as  it  were,  in  order 
fully  to  relax  the  accommodation  and  to  avoid  excessive  ei- 
poctimcy.  whicli  frustrnlns  th>'  firmer  attempts  at  relaxation. 

The  Nature  of  the  ProoeBaea  which  orijinate  Tinal  Impulwc — 
Mufli  iiiturL'st  flttaclied  at  one  tiniy  to  rifiuiil  }iiir}Ar:  (rhodop* 
sin),  because  it  was  hoped  tlmt  it  might  furnish  a  chemical  ex. 
planation  of  vision.  It  was  found  that  in  certain  animalK,  as 
frogs,  when  kept  in  darkness,  the  visual  purple  was  renewed 
after  having  been  bleached  out  by  exposure  to  light;  indeed  lui 
exact  "  optogram,"  or  picture  of  an  object,  might  be  made  and 
by  appropriate  rv^ngonts  fixed  on  the  retina  as  a  bleached  part 
uf  the  visual  purple. 

This  substance  is  found  exclusively  in  the  outer  limbs  of  tho 
rods  and  not  at  all  iu  the  cones;  but,  since  the  retinas  of  liume 
animals  (snakes)  are  destitute  of  rods,  and  visual  purple  is  also 
wanting  in  the  macula  lutea  and  fovea  centralis  of  man  and 
the  apcf?,  the  points  of  greatest  retinal  sensibility,  it  is  manifest 
that  tlio  theory  haserl  upon  its  presence  breaks  down  aa  an  ex* 
planation  uf  vision,  if  to  be  applied  universally;  b&iides,  the 
retinas  of  sonic  tmirniLls  with  rods  {dove,  hen,  bat)  are  entirely 
devoid  of  visual  purple. 

But,  though  this  particular  method  of  application  of  chem- 
istry to  the  explanation  of  the  origin  of  n'tinal  impulses  ha* 
failed,  it  does  not  follow  that  a  chemical  theory  as  such  is  false, 
though  it  must  be  admittetl  that  the  evidence  is  as  yot  very 
incomplete  on  which  to  found  such  au  explaiwtion. 

But  when  we  consider  the  evolution  of  tho  eye,  and  examine 
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into  lh«  tac-U  of  oonpUBrtivn  auntomy  And  phyisiology,  thera 
arc  nuuiy  of  li  sit^iflrAtioo  Oint  wo  ciin  uot  ignore :  thu  impor- 
tance uf  liglit  to  most  ]>rotr>p]A8iiiic  procossi'^,  suob  ns  tho  oc- 
cumiilfittun  uf  pij^muiit  in  rairUiin  rogiouft  miirkJng  tho  vr^ry 
befdiininK't  of  eyes ;  tho  largu  amount  of  pigmunl  found  in  the 
eyes  of  most  f^oupx  of  animals  and  of  nearly  all  momnmla  sag- 
gestinfc  that  this  is  a  provision  for  tlw  retention  of  light,  whioh 
wo  cft»  waK-ely  <ronceive  as  acting  in  other  than  a  chemical 
miuinpr.  At  the  same  time,  in  koepiiig  with  the  spirit  of  this 
wurk  throughout,  we  nnggest  caution  in  believing  that  explaiia- 
tionit  I)08(hI  on  our  limited  experienro  are  the  only  ones  possible. 

It  i»  worth  while  to  hear  in  mind,  however,  that  currents  of 
rest  and  currents  of  action  similar  to  tliose  demonstrated  to 
oxist  iu  muscle,  glands,  nerves,  etc..  may  he  shown  to  oxiet  in 
tho  retina.  In  nil  the  other  cnnnn  thorn  aru  in  intonuity  punillul 
to  Ibu  dL>gni>  of  functionnl  (ami  chemical)  activity  of  the  part, 
and  it  make*)  the  probability  of  there  being  a  chemistry  of  the 
retina  as  a  foimdation  for  tho  impulses  therein  generated  great- 
er. The  subject  is  as  yet,  however,  in  the  region  rathei'  of 
speculation  than  of  ascertainetl  fact^ 

Tli«  Laws  of  Sttlukl  Stinolation.— It  may  be  noticed  that,  when 
a  circular  saw  in  a  mill  is  rotated  with  extreme  rapidity,  it  seema 
to  be  at  rest. 

If  a  stick  on  fire  at  one  und  bo  rapidly  moved  about,  thoro 
8eem8  to  be  a  continuous  liery  oirclo. 

If  a  tup  jiainted  in  sections  with  various  colors  be  spun,  the 
differi'ut  colors  can  not  be  distinguished,  but  there  is  a  color 
rosultiug  from  the  blending  of  the  sensations  from  them  all, 
which  will  be  white  if  the  s))ectra1  colors  be  employed. 

When,  on  a  dark  night,  a  moving  animal  is  illuminated  by 
a  flash  of  lightning,  it  seems  to  be  at  rest,  though  the  attitude 
is  one  we  know  to  be  appropriate*  for  it  during  locomotion. 

It  becomes  neressary  to  i^xplnin  these  and  similar  phe- 
nomena. Another  observation  or  two  will  furnish  the  data  for 
the  Holution. 

If  on  awakening  in  the  morning,  when  the  eyes  have  been 
Well  n-sled  and  the  retina  is  therL-foro  not  so  readily  fatigued, 
one  looks  at  the  window  for  a  few  seconds  and  then  closes  the 
eyes,  ho  may  perceive  that  the  picture  still  remains  \Tsible  as 
h  positive  after-imaije  ;  while,  if  a  light  be  gazed  upon  at  night 
and  the  eyes  suddenly  closed,  an  after-image  of  the  light  may 
be  observed. 

It  tbuB  appears,  then,  that  the  impression  or  sensation  oa^ 
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\wils  the  stimulus  in  thiMie  cases,  and  this  is  tht<  explanation 
into  which  all  the  ahove-mpntionwl  facts  fit.  \Vhen  the  liery 
point  passing  before  the  eyes  in  the  case  of  tbe  tire-brand  stiinit- 
lates  the  samp  parts  of  the  retina  more  frequently  tlian  is  con- 
sistent with  the  time  required  for  the  previous  im])riv<.4itin  to 
fade,  there  is,  of  necessity,  a  continuous  sensation,  which  is  in- 
torpi-eted  by  the  miiul  as  referable  to  one  ohject.  In  liJii-  ninn- 
nor,  in  (he  c^ase  of  a  moving  object  seen  by  an  Wectrir  (liwih,  the 
dnratifin  of  the  latter  is  so  brief  that  the  object  illuminated  can 
not  tnake  any  approcJnblo  change  of  position  while  it  ln«ts;  a 
»oL-oiitl  fliish  wuiiUl  show  an  alteration,  another  part  of  the  retina 
beiui;  litimuluted.  or  tha  original  impression  having  faded,  etc. 

tn  the  L'ajio  of  a  tup  or  (better  seen)  color-disk,  painted  into 
black  and  white  sectors,  it  may  be  observed  tliat  with  a  faint 
lis^ht  thp  different  colors  cease  to  appear  distinct  with  a  slower 
rotntii'ii  tliHTi  when  a  bright  liffht  is  used.  The  variation  is 
between  about  ^  and  ^  of  a  second,  acc^ordin^  to  the  intensity 
of  the  light  used.  Fiuiion  is  also  I'eadifr  with  some  colorx  than 
others. 

It  is  a  remarkable  fnirt  that  one  can  distinfjuish  a;^  readily 
between  the  quuntity  of  light  emanutinf^  from  lU  and  II  can- 
dles as  between  100  aud  110,  Weber's  Uw  is  a  highly  general- 
ized form  of  this  statement  applicable  to  all  the  senses. 

But  with  vision,  as  with  all  the  senses,  a  lower  and  espe- 
cially an  upper  limit  is  soon  reat^hed,  within  which  aloito  we 
can  disiTiniitiatc,  It  i.-*  not  possible  to  distinguish  l>etwwii  the 
difference  in  brightness  of  the  central  ftnd  the  cii-cu inferential 
I>iu-t«  of  the  sun,  though  it  is  known  that  tho  actual  difToreuou 
is  very  great,  while  it  is  vtisy  enough  to  recognize  a  marked 
difference  in  the  light  of  a  room  when  two  caudles  are  used  in- 
stead of  one.  Within  certain  limits  we  can  appreciate  a  differ- 
ence in  illuminating  power  of  about  j^  of  a  given  total. 

The  Vi*nal  Anglv.— If  two  points  be  marked  out  with  ink  on 
a  sheet  of  white  pa]ier,  so  close  together  that  they  can  be  just 
distinguished  tus  two  at  the  distance  of  !*■!  to  Hi  inches,  then  on 
removing  them  a  little  farther  nway  they  sec-m  to  morgo  into 
ouo. 

The  principle  iii%-o]ved  may  he  stated  thus :  When  the  dis- 
tance between  two  points  is  such  that  they  subtend  a  lesa  visual 
angle  than  till  seconds,  they  cease  to  be  distinguished  as  two. 
Fig.  445  illustrates  the  visual  angle.  It  will  be  noticed  that  a 
larger  object  at  a  greater  distance  subtends  the  same  visual 
angle  OS  a  smaller  one  much  nearer.    The  size  of  the  retinal 
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ima^o  correspond ine  to  no  M-coods  is  "004  mm.  (4  />),  and  thia 
is  about  Uie  ctiiimoter  of  n.  ftiiiglo  rod  or  coue.    It  is  nnt,  liow- 


^T^' 


m. 4tt.— The  vlMul ■nicla'.   TlH- ohjMt  at  ^" ■ppnnnn  lu-gitr  thui  Uie ono  al -1  iLrCMOiMi 

ever,  true  ttiat  vrli»n  two  cones  are  stimulated  two  obj«ct«  uro 
inferred  to  vxist  in  evory  ciwte  by  tho  mind:  for  llii-  rotiiiit 
vsritt*  ill  liifTmTiit  jiiirtB  very  groatly  iii  general  sensibility  and 
in  sensibility  to  color. 

It  is  notictmblc  tbnt  vijcual   dittcriminative   power  can  be 

iitly  improved  by  culture,  a  remark  which  applies  especially 
to  colors.  It  seems  altogether  probable  that  the  chanfi^e  is  cen- 
tral in  the  nerve-cells  of  the  part  or  parts  of  the  brain  con- 
cerned, especially  of  the  cortical  rejnon,  where  the  cell  processes 
involvi^il  in  vision  are  finally  completed. 

Color-SeasationB.— .As  this  subject  is  still  in  a  vi-ry  imsettlod 
condition,  it  will  be  well  in  discussing  it  to  keep  the  facts  of 
tiysiology  and  of  phygii.*s  distinct  from  ouch  other  und  from  the 

sries  proposed  to  account  for  them. 

It  is  rare  to  see  in  nature  the  pure  colors  of  the  spectrum ; 
more  frequently  the  reds,  bines,  etc.,  we  behold  are  the  corre- 
sponding; colors  of  the  8[»ertrnm,  with  the  addition  of  a  variable 
qunntity  of  white  li^ht.  In  the  spectrum  iLself  there  in  an 
unliniiterl  number  of  shades,  not  usually  specially  noticed,  In- 
tormMliatc  between  th*^'  main  colors. 

Henwi  vfL'  may  rL'gard  a  color  tM  dependent  on  (1)  t^o  wave- 
li-ngth  of  its  coHi'tituent  ray,s;  i'i)  on  the  quantity  of  the  par- 
ticular light  falling  on  the  rvtina;  and  (3)  on  the  quantity  of 
white  light  mixed  with  this.  When  no  whit*  light  nt  all  enters, 
the  color  is  said  to  hv  saturat(^d,  such  being  heavy  and  lesthfti- 
cally  unattractive;  when  much  of  such  light,  bright,  etc.  A 
fjray  results  from  a  certain  mixture  of  white  with  blm^k  ;  the 
browns  by  fusion  of  i-ed,  yellow,  white,  and  black.     But  in  this 

;  all  other  jnatancea  in  which  we  speak  of  "  fusion."  "  blcnd- 
ing,"  "  mixture ,"  etc,  we  refer  to  phyaiolngical  blending  owing 
to  contemporaneous  stimulation  by  light  of  different  wave- 
lengths. Thus,  orange  results  from  the  action  of  the  red  and 
yellow  niys  at  the  same  time,  and  can  not  be  produced  by  any 
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mixttiro  nf  the  wave-tengthd  of  tM  anri  yellow.  Af^in,  certain 
ortlcjrs  known  im  nnnplfmetUnnj  by  psychic  fusion  ffave  rii*« 
Ui  wliitc.  Uioiif^li  no  jiliywical  mixtui-e  of  such  colore<)  pig- 
titi>nl»  will  pruilui'O  white.  These  are  ret!  and  bliie-grec-n; 
oruQgu  anil  bluu;  yi^lluw  hu<1  indigo-lilutt;  gi-oou-yi-llow  niid 
violol. 

Now,  when  a  rhild  boholdB  orangu,  hi-  has  not  the  faintest 
idea  that  it  is  relateil  to  red,  or  that  white  can  bo  in  any  way 
produced  fn>m  any  combinsitioij  of  colore,  any  more  than,  whim 
ho  hears  a  perfect  musical  chord,  haa  he  any  idea  of  its  being 
produced  by  the  simultaneous  production  of  its  component 
Dotes.  To  him  both  the  colors  and  the  chord  are  independent 
Cactfi.     Bui  by  simple  exjwrimenta  their  oriRiu  may  be  illu!«- 

trated.  As  regards  complo- 
roentary  colors,  Lambert's  ex- 
periment nuiy  ejtsily  bo  |K'P- 
fornioil :  Place  a  i-od  wafor  (or 
a  slip  of  pii]K'r)  on  a  shi-et  of 
white  paper,  and  about  thrve 
iuchott  buhiud  it  a  blue  oc 
Hold  a  plato  of  gla»s  be^ 
tween  the  two  and  vertically, 
so  that  while  gazing  at  the 
red  wafer  through  it  a  re- 
Sected  image  of  the  blue  one 
will  be  thrown  into  the  eye  in  the  same  direction  as  that  of  the 
red  image,  the  result  t>eing  a  sensation  of  purple. 

A«  before  referred  to,  a  rotating  disk  on  which  all  the  color 
of  the  spectrum  are  represented  in  equal  subilivisious,  when  th( 
speed  is  sufficiently  great,  appears  white  from  the  fusion  of  tho 
sensations.  Of  course,  instead  of  all  th«  colors,  complementary 
onps  suffice.  As  a  matter  of  fact,  wo  may  recogniste  six  fundii- 
mental  colors — whittv,  black,  rod,  yellow,  graen,  and  blue — lud 
these  may  be  the  out^-omo  of  the  physiological  mixture  of  thrc« 
*  atandard  "  sensations. 

We  now  proceed  to  matters  of  speculation.  At  the  present 
day  two  theories  to  account  for  color-vision  monopolize  atten-' 
tion :  I.  The  Young-Helmholtz  theory  assumot  that  there  are 
only  tliree  primary  sensations,  or,  in  other  words,  that  the  reti- 
na is  aifected  oidy  by  rays  of  light  corresponding  to  red,  green, 
and  violet  (or  blue) ;  and  the  manner  in  which  any  color  is  pro- 
rtmrt-d  (in  the  mind)  will  appear  from  an  examination  of  F^( 
4S7.     Thus,  when  red  is  the  color  seen,  though  the   rettni 
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"Slim ulfttion~iS"iiot  coriflnM  woMy  U^  tho  mys  of  the  re<i  <?iid  of 
tliu  fipcctnnii.  it  is  chiefly  by  tlmse  that  what  we  may  call  psy* 
chic  red  i»  produced — i. «.,  the  mental  ijorception  of  red  is  rie- 
pondoQt  on  a  spi-cifie  »ti  in  illation  of  tli*  rt-tiiia  by  rays  of  a  ccr- 
taiQ  wuvo-Iuiiglh,  though  at  thu  ttamv  tiui«  Uilto  is  a  fL-uhIt>r 
sensation  of  grouu  and  violet.    Oraugo  would  in  like  maimiT 


Fid.  tfT.— llhiairiUni  tliv  Yi'iiiiK'R<-Iiiitii'1t(  ihi-nry  of  vnlor-vlikiii.    Tha  MMra  In  tfa*  loww 

"rlnVt"^  Xnimtjy-''"^'"  ■•'lauiil'tii      'r'li'    <i..i,'rjiTn  nhovm  hy  ihf  hi>l|[tii  of  the  runr  In 

Fkoh  InfUuKv  to  vlmi  ritciLi  ilir  ] ..Ill     ..i.>r  acDiBtkina  are  rspecllnfly  cicluil  hjr 

TibnUoD*  otdffleniDt  wavc-lsniiUu  laTt-.-i  ilLtuutclDj, 

result  from  a  targe  admixture  of  red,  considerable  of  green,  and 
very  little  of  violet.  2.  Hering's  theory  is  a  chemtpal  one.  H© 
assumes  the  exiBteiire  of  three  kinds  of  visual  stibstances: 
white-black,  yellow-blue,  red-green.  Either  in  the  retina  or 
elsewhere  in  the  eye  it  is  believed  that  two  processes  are  in  con- 
Itant  operation,  the  opposite  of  each  other,  and  which  corre- 
Ipond  to  the  changes  assumed  to  take  place  in  protoplasm 
generally,  and  to  which  we  have  referred  eli-eady  as  aua^ 
boliem  and  kntn1)oIt8m.  or  construction  (aitKirailatiou)  and  de- 
structiou  (dissimilation).  Whun  disBiiiiiUtion  is  in  excfsa^  the 
lighter  colora  rt-sult^ — whitt\  yellow,  red:  and  the  others  when 
assimilation  prevails.  Orange  would  be  seen  when  red  and 
yellow  are  simultaneously  produced — i.e.,  when  the  red-green 
and  yellow-blne  substances  both  undergo  dissimilation  to  a 
degree  in  excess  of  its  opposite  phase. 

One  test  of  these  theories  would  t>e  their  appHcAtion  to  ex* 
plain  the  defwt  next  to  be  mentioned. 

Color-BlindiiMs. — There  are  nil  degrees  of  this  defect,  from 
«uch  as  exists  in  every  eye — i.  e.,  inability  to  porcelvo  color 
equally  well  by  all  parts  of  the  retina,  to  complete  loss  of  the 
faoalty  of  discriminating  color  at  all. 

1.  Compiftr  coh>r-l>lin(bt«as  (achromatopsy)  is  marked  by 
inubility  to  distinguish  any  colors,  the  spectrum  being  brightMl 
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in  t1i»  mitldle,  hut  Miy  picture  appears  as  a  iihoto^rapli.    li 
may  Iw  uniUUral. 

i.  Yellow- Bltw  Blitidness. — The  8j»octriiin  prwtonts  only  red 
and  gi-i>eii,  and  henor-  \»  tisiuilly  inuoli  shortened.  It  )»  occa- 
sionally uiiiiiiti-rnl. 

3.  K'lt-Orren  Blinilueas  (Dnltonisni). — Yellow  aiid  Wue  may 
bo  di^(^riiuiiiatud,  viol«t  and  blue  seom  alike,  aud  red  and  greeu 
pructicully  du  not  exiet. 

It  is  to  be  borne  in  mind  that  it  ib  very  difficult  to  awer- 
tain  the  exact  condition  of  color-blind  persons,  from  their  in- 
ability to  communicate  their  state  of  mind.  They  often  mnk» 
discri  mi  nations  apparently  based  on  color  distinctions,  hut,  in 
reality,  on  the  form,  texture,  position,  etc.,  of  objects.  It  is 
also  all  but  im|>ossilile  to  be  precisely  certain  as  to  tbc  uxttint 
to  which  the  lower  animals  can  distinguish  between  colore. 

To  apply  llm  above  tbeurii'8  of  color-vi«ion  to  the  explan. 
tion  of  colur-bliudiiuss;  In  the  ca»u  uf  ^L■<l-g^(.<t^n  blindne)is,a(*- 
cording  to  the  Youiig-Uelmholtx  explanation,  tberu  m  tlie  ab- 
sence of  one  of  the  primary  sensations  (red),  so  that  the  colors 
seen  are  the  result  of  mixtures  of  tlie  other  two  primary  sen 
tions.  What  we  call  yellow  must  be  to  the  subject  of  this' 
defect  a  briRht  green.  According  to  Bering's  theory  such 
persons  liw^k  the  red-green  substance;  hence  their  color-vision 
mnst  be  limiti^l  to  mixtures  of  yellow  and  blue  alone.  But,  if 
blindncMs  to  red  and  green  can  exist  separately,  as  has  bvon  as- 
serted, this  theory  fails  to  explain  it.  though  the  former  would ; 
while  total  color-blindness  is  explicable  by  Hering's  theory, 
but  not  by  the  rival  one.  It  is  probable  that  neither  is  bi-oi 
enough  to  meet  the  facts,  even  if  correct  in  principle.  They 
serve  the  end  of  being  provisional  hyijolhesws  till  better  are 
found. 

PsYCHOLOorcAi.  Aspects  av  Vision. 

It  is  impofisilde  to  ignore  entir^-ly,  in  treating  of  the  physi- 
ology of  the  senses,  the  mind,  or  pt-rcfiving  tg«. 

By  virtue  of  our  mental  constitution,  we  refer  what  we 
"8oe"  to  the  external  world,  though  it  is  plain  that  all  that  we 
perceive  is  made  up  of  certain  sensations. 

We  recognise  the"A*i8iuU  field  "as  that  part  of  the  outoT^ 
world  within  which  alone  our  vision  can  act  at  any  one  time;' 
ftnd  this  is,  of  course,  smaller  for  one  than  for  both  eyes. 

If  one  takes  a  large  sheet  of  jiajier  and  marks  on  its  center 
a  spot  on  which  one  or  both  eyes  are  lixed.  by  moving  a  point 
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up  or  down,  to  the  right  or  tho  left,  he  may  asc^riain  the  limits 
of  the  visual  field  for  n  plane  surface.  The  visual  tlold  for 
Ixitli  ey&'(  measures  about  180°  in  the  horizontal  meridian;  for 
om-  fVi-  almiit  1 1')' ;  and  in  the  vertical  meriiiian  HH)". 

Imperfections  of  Viiiul  PorMptioni. — We  mtty  now  consider 
somu  defects  which  we  know  to  exist  by  the  me  of  our  reason- 
ing powi-rs  in  the  mental  perceptioa  we  form  of  ohjuutti  in  the 
vihuitl  tivld: 

I.  Irrmliafion. — It  is  easy  to  notice  that  a  white  apot  on  a 
dark  ground  »ppi>iir!(  largi*r  than  a  dark  spot  of  equal  size  oii 
a  white  ground.     This  has  been  spoken  of  a^  the  i-esult  of 


ilatk  uiir  in  ilii>  Ili;li[  Kivuml  i.afl*r  BM-imfuiui 

irradiation — a  sort  of  overflow  of  sensation,  though  whettier 
to  he  referred  to  the  retina  or  to  the  brain-aress  conceniod  is 
unc;crtjiiR. 

S.  Contras/. — Wlion  a  whit>'  ritripnf  pappr  is  laid  betwinin 
two  black  ones.  Ihu  centur  of  tlii^  whit^'  strip  is  not  so  bright  as 
itH  e(lgi-»,  from  contmst ;  and  oxpiirimunts  illustrating  the  same 
principle  may  be  mntlf  with  colored  paper.  This  law  of  con- 
trast is  very  wide  in  its  application,  and  will  be  referred  to 
later. 

3.  Th^  Bliiuhfipof. — It  might  he  supposed  at  first  that  ono 
should  perceive  gaps  in  the  field  of  virion  on  account  of  tho 
blind-spot;  but,  when  it  is  remvmborod  (hat  to  sou  black  we 
must  have  a  definite  sensation,  ami  that  tho  mind  places  objects 
lying  on  opposite  sides  of  the  spot  close  together,  the  reason 
that  this  defect  in  Btnicture,  if  such  it  really  be,  is  practically 
inoperative,  bi-comes  clearer.  It  is  to  be  remembered  that  the 
imago  of  an  object  (see  Fig.  W2)  never  falls  on  the  blind>spot 
in  both  oycs;  and.  moreover,  this  area  lies  outside  of  that 
of  gi-eatust  acuteues«  (imtcula  luffa),  on  which  images  are 
focUitod. 

Tho  macuU  lut«a,  and  especially  the  fovea  centralis,  ar«  the 
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parts  of  tlie  retina  tnutit  seiiHitive  to  both  form  and  color;  or, 
to  put  it  otherwise,  when  the  retina  is  stimulated  by  an  object, 
whether  colored  or  not,  the  mind  pert'eivee,  becomes  moat  read- 
ily copiizant  of  the  sensation,  sees  the  object  best,  when  the 
stimulation  is  confined  to  the  yellow  spot;  and,  aa  will  1>^ 
k^artitMi  still  moi-©  fully  later,  all  the  arran^tements  for  vision 
aro  directed  toward  the  ftK'usin^  of  the  rays  of  light  tliatj 
omautttc  from  objects,  80  that  tho  image  may  fall  ou  this  regie 
of  the  retina. 

In  like  manner,  by  looking  directly  forward,  and  having 
some  one  move  an  object  in  space  ae  before,  and  noting  when 
it  ceases  to  be  visible,  an  irregular  figure  of  the  field,  withii 
whii-h  vision  is  distinct  in  varying  degrees,  and  beyond  whichi 
it  is  absolutely  non-existent,  may  be  mapped  out. 

By  using  colored  objects,  as  small  squares  of  paper,  by  the 
above  method,  it  may  be  readily  learned  that  the  field  for  somo 
colors  is  much  more  rustrii-tud  than  for  others;  in  fact,  as  Kucb 
an  object  is  moved  outward.  it«  color  seems  to  change :  tbu8, 
pur]jle  bucomu)  bluish.  In  all  retinas  thi^re  is  more  or  less 
color-blindness  toward  the  peripheral  parts,  and  this  is  espe- 
cially true  of  red.  The  field  fur  the  colors  of  the  spectrum,  etc., 
mav  easily  be  shown  to  be  more  limitod  than  for  whiter 


Tn.  4K — TteWef  uolor-vWnij  ,.(  nnhi  .-i...  >i.  |iri.jivit.l  in  il-    -.ni...  .  ■    .n  -l..'  in^nr  nlrfM* 

Of  *  ImaliiiihMM.  ihBiHil.'i.r  oiifii  (urmnih.-iHiltii  •'[  n'la (<  i  ri,,  ,  i.      ...,,!  .iinKmi- 

mmtlo  (■nvr  NfUliwhli'  nml  lAmJuli).     T,  ifiiipuinl  sliln;  >.  iiuhU  .i.ir     »   ir 'uixiiaif  tot 
wlillp  :  B,  [or  tiliM :  m.  for  rn] ;  o.tor  crtm 
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Tn/iuence  of  Iht  Pigme7il  of  the  Macula  Lutea. — If  we  inter- 
pose a  solution  of  chrome  alum  betweun  the  eye  and  a  vrhite 
cloud  while  Ihe  Kenrral  fiel>l  is  ]mrpliah.  a  rosy  patch  ajipeai-s 
in  ft  iKt^itinn  (xirrospoiidiiig  to  the  yellow  hikiI.  This  is  owing 
to  tho  fact  that  the  solution  allows  only  the  red  and  greeninh- 
blue  riiya  to  imsa,  and,  tho  latter  being  ahsorbod  by  the  yellow 
spot,  wo  8(«  only  the  former  in  thft  part  of  the  field  of  vision 
corresponding  to  thir«  nrou.  Thi.'i  oxperiinent  is  itl>io  an  (txcvllcnt 
one  to  mark  out  the  sito  of  thu  spot.  Siucu  the  nioculii  Intt*ii 
i»  the  {>art  of  the  retina  (.'oiicoriiLHl  in  tho  usuul  so-calltnl  "  di- 
rect "  vision,  it  will  ho  evident  that  what  would  he  yellow  but 
for  the  influence  of  the  pigment  of  this  spot  appearu  to  us 
white. 

Aft«r-Ii]ugea,  ttc — Positive  after-images  have  already  been 
rofi-TH-d  I'l;  lint  an  entirely  different  result,  owing  to  exhauit* 
tlon  of  the  rotiiiA,  may  follow  when  the  eye  is  tunic<l  from  the 
object.  If.  after  gaKing  some  seconds  at  the  sun.  one  tuni«  uwny 
or  merely  doaus  thi'  vyiss,  ho  may  soo  black  suns.  In  liki-  man- 
ner, when  one  turns  to  a  gray  surface  after  k4.y>ping  the  i>yoB 
fixed  on  a  black  spot  on  a  white  ground,  hu  will  sw  a  light  sjiot. 
Such  are  termed  ntgalive  after-images,  and  these  may  tbem- 
,  selves  be  colored,  as  when  one  turns  from  a  rod  to  a  while  sur- 
face and  sees  the  latter  green.  They  may  be  explained  vipon 
either  theory  of  color-vision.  Arconling  to  the  theory  of 
Young  and  Helmholtz,  in  the  latter  case  the  green  appt-ars  be- 
cause the  primary  color-sensation  for  rod  In  exliauslud,  while 
the  others  become  more  prominent  accordingly;  but  it  is  more 
difficult  to  explain  the  black  suns,  utc,  by  this  theory,  though 
it  is,  of  course,  open  to  suppose  that  all  the  primary  color-sen- 
ntions  have  been  exhausted. 

According  to  Bering's  thoory,  the  dark  after-images  as  well 
as  the  colored  ones  are  the  result  of  the  jircponderaniN.*  of  one 
or  the  other  of  the  two  processes  of  assimilation  and  dissimila- 
tion. But.  in  truth,  the  subject  is  very  difficult  of  complete 
solution  at  all  by  the  kind  of  explunntions  we  are  at  present 
^«p»pIoying. 

It  is  of  some  importance  to  remember  that  the  retina  is  not 
equally  sensitive  to  all  colors.  Wo  see  the  blues  of  evening 
more  niadily  than  thu  reds  or  yellows,  hence  the  employment 
of  the  former  extonsively  by  artists  in  depicting  evening 
scenes. 

Since  there  is  a  maximum  point  of  stimulation  for  each  main 
color,  it  is  possible  to  understand  how.  by  incri-ase  of  the  iaten- 
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sity  of  its  lifiht,  one  color  pa»»-L<d  iulo  another:  e.  g.,  let  violet 
light  be  gi'tt^uuUy  iiiuroiwud  in  iutonsity,  and  the  retina  soon 
faila  to  porceive  this  color  so  strougly :  but  the  red  and  gre«n 
aeiiiiations  beiug  as  yet  submuxima],  we  perceive  a  color  the 
result  of  the  blending  of  these  two  with  violet,  and  soon  till 
we  nuty  }j;et  such  a  mixture  of  the  ueiiiiations  of  %ioIet,  ihkI,  and 
green  ns  pro<luces  white. 


fta.  W  -  Whes  looted  M  wlUi  DDK  rvr.  the  llcm  un-  hi-vcr  nil  dMliiPt  al  oa^ttaW!  lUi  to  l> 
pari  owlnjr  U>  MMpmUtni,  lini  l<i  (Mit  alit:<  to  limiiilliv  <o  ai'i-umni>i<1iM  IWrfMllvsMrt 
rruiii  any -MrrL  ur  Itila  kltul  f-r  iii^ir- lliari  *  -nry  l(m(t~l  nji-n  WhMi  Wimiwl  «rlUi  bnlli 
i-yrti,  a  naintvr  iit  <<iirlnuH  nhfimrnfiui  mnr  >!■>  ^tlva^rml,  Ih"  I'kpJniinJfrdi  nf  whlofl  «i» 
Innm  Uir  iilnili'iil  lo  wcirk  mil  r<ir  IdiiiB'lf  infi.T  Ui-rn,«»'lTii. 

Hisconceptioiis  as  to  the  Comparative  Sise,  eto,  of  Objects — A 
gliiiiiv  at  Pig«.  4;>n  Jiiid  Wl  will  illus1rat«  some  surprisinj; 
peculiarities.     On  a.  clt-nr  day  disttmt  mountains  appear  nearer, 


Ra  4n.— Illu«l.nU«a  IIIuhIdik  u  to  Mid,  Iu  A  IIh'  hrUthl  tiirmi  M  Hnt  cnoiar  tbkn  Umi 
hrtfulUi.  UHiueh  Umt  trr  niuti :  Ihr  rprenr  tn  B :  wlillp  C  spppwv  lo  corn-  ■  turn  tn* 
aitatUhtrotUte  oaten  tuturavnmteliti. 


visros. 


681 


from  being  seen  bettor.  Tbw  full  tni>ou  looks  lurj^r  wlicn  iiear 
the  horizun  than  when  ovorhoa<l,  from  tUo  nbiwnBe  of  objeuts  in 
the  latter  vase  with  which  lo  cuinpHro  it;  and  iu  like  inBiincr 
(lititfiiicfi)  on  the  water  or  on  a  vast  plain  svem  less  than  they 
really  are;  and  bo  in  innumerable  instances  the  influence  of  a 
xtainlnr'I  of  conip.irifion  or  its  absence  is  evident. 

Subjective  Phenomena. — When  the  eyelids  are  shut  in  a  dark 
i-()Oiii,  the  eye  dout*  not  seem  absolutely  devoid  of  liRht.     Suclii 
Heiiiiatinn  of  luminosity  a^  may  be  feebly  present  is  sometimes 
sjKiken  of  as  the  ""  pri)per  light  of  the  retina."     When  the  ball 
of  thy  oyo  i»  presswl  npim,  i-nloi-ed  cirrlc!*  of  liyht  appwir  wht-n 
thu  uyus  an;  closed, siudi  being  plainly  due  to  niticlianirnl  slimu- 
Ution  of  the  retina.  Thette  an-- "  phuspheni^H."  and  are  akin  to  the 
stars  MM- n  whon  tho  «;y«  rot-wi  vet*  a.  sudden  blow,  or  t<t  the  sen- J 
eatiuns  exrityd  by  tdt-ctricEil  stimulation.     But,  apart  from  any' 
stimtilatiuii  of  the  retina,  objects  may  apparently  be  seen  in  ex- 
cited  conditions  of  the  brain,  as  in  insanity,  delirium  tremens^: 
etc    Sometimes  one  object,  instead  nf  being  rocoguized,  eocmsil 
toaronse  the  perception  of  another.    The  cause  is  traceable  in 
many  caseH  solely  to  the  brain  itself,  especially  the  part  of  tho 
oorebrnl  cortex  concerneii  in  vision,  and  illustrates  the  impor- 
tauco  of  thi.-'  [mrt  of  tho  central  visual  mechanism,  and  luuoh 
mora  into  whicii  we  can  ni>t  vntor  now. 


Co-ordination  or  tub  Two  Kves  is  Vision. 

As  a  matter  of  fact^  wo 
arc  aware  that  an  object 
may  be  seen  as  one  either 
with  a  single  eye  or  with 
both.  For  binociUar  vis- 
ion it  may  be  sliown  that 
the  imageii  formt^d  on  tho 
two  retinas  must  fall  in- 
variably on  rorrfsiiontliiig 
points. 

Tho  position  of  the  lat- 
ter may  be  gathered  from 
Fig.  4.33.  It  will  be  noticeil 
that  the  nialar  idde  of  one    ria.4w.-RiMmmtotiiu«tTatrcan<MpoiHtiiut|wiDts 

J      .      ..  liltiT  rn«t*ri.    L,l/.\tRaiuinaiArttm:  a.li.t, 

eye  Corresponns  to  tne  mi.  on  |»Inu  la  cue  eye  cormpaDdlM  M  ">.  &!■  'n 

I       ■  I         ^r      iL  .1  [n  ih«  utlMir.  TlinluwprflguraiknipcvjKtloiuot 

atu    fiiue     ot     tne     other.  tiw  nthu  or  uw  riWhKKiuii  um  inf<(r.>«^, 

though  upper  alwayif  an-        ntinii«Mnq><nMi>u.tiieiuMi.itt«orii»<»h     * 
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flvrers  to  Q|)per  and  lower  to  lowur.  TtuB  may  also  be  made 
oxident  if  two  raticftrs  (represenlitig  the  fundus  of  each  eye)  be 
id  over  each  other  and  marke'l  off,  as  iii  thi-  figure. 

Tlinl  audi  correspoiidiriK  [iniiitii  do  iirtually  exist  may  be 
shovn  by  ttiniing  one  oyo  .so  tbat  the  image  uhall  uot  fall,  M 
indicatt^^l  in  the  figure.  Only  now  mid  then,  however,  in  a  i>cr- 
son  to  be  found  who  mn  vu1uiit«rily  lu-oompliiih  tliiu,  but  it 
occurs  in  all  kinds  uf  iinturul  or  induced  squint,  as  in  alcobol- 
ism,  owing  to  partial  paralysis  of  some  of  the  ocular  muscleia.j 
We  are  thus  naturally  led  to  consider  the  action  of  these  musck 

Oculu-  Movements. — \J]n>n  ohserWng  the  movements  of  an 
individiiid'H  eyeii.  the  heatl  being  kept  stationary,  it  may  be 
noticed  that  (1)  botli  eyes  may  converge:  (3)  one  diverge  and 
the  other  turn  inward ;  (a)  both  move  upward  or  downward ; 


Fm.  4n.— VIn  of  UiP  mo  •fM  BDil  rclafal  pwulaTipr  noliiiholUt' 


(4)  these  movements  may  be  accompanied  by  a  certain  dej 
of  rotation  of  the  eyebiill. 

The  oyu  can  not  bu  rotatiid  around  a  horizontal  axix  without 
combiuiug  this  movement  with  others.  To  accomplish  the 
above  movements  it  is  obvious  thai  certain  musck's  of  the  six 
with  which  the  eye  is  providwi  must  work  in  harmony,  both  as 
to  the  direction  and  degree  of  the  movement — i.  e.,  the  move- 
ments of  the  eyes  are  affected  by  very  nice  muscular  co-ordioft- 
tioiM, 


We  m»y  speak  of  that  pogitjnu  of  tlie  i>yo  wlien.  with  the 
head  vertical  in  thi<  slunding  ]x)8ition,  the  dietant  horixun  is 
viewed    a^    the     primary 
pfMitiuii  atid  all   others  as 
wcomUtry  portitions. 

Fig.  4;J4  ia  ni«uit  tn 
illustratu  diRKraiiimaticnl- 
ly  tliu  movumi>utH  of  thu 
eyeball. 

While  the  several  recti 
musclea  elevate  or  depress 
the  ey<*,  and  turn  it  inwani 
orou1wai'd,and  thcobli'imi 
ruiidcK>8  nitate  it,  the  luove- 
iiK'ut^  priiiduond  by  the  »u- 
purior  and  inferior  recti 
are  iilways  corrLtcled  by  tlie 
assifltam-e  of  the  ohiiquo 
miiHcli.^,  since  the  former 
tend  of  themwlvcM  to  turn 
the  eye  somt'wtiat  inward. 
In  like  manner  the  oblique 
mnwW  are  corrpctwl  by 
the  riH-ti.  The  folIowinKtab- 
tilar  statement  will  express 

the  condilion.s  of  n.iLscuhir  ^  «_,«™.  „„^  «,  ^„^  ^,,.,„  „, 
contraction  for  the  vano.is  <^^^g^^^l^f^x^r^^;>:jr^ 
inoveni«ntj!  of  the  ovo:  uii- niw iin™ uw *«»•  or moviiiiimi. 


Rl(iviitinn.. ........I...,  .It*'rtiii'  tiipriior  hhiI  nljll(|iiim  Inferior. 

D«[irewlriii Ito^tUH  IriTuri'ir  and  obllijuiia  9up«nor. 

AilduL'tiuii  k>  iiiiaikl  iiiitc lici^tiui  intcTiiiia. 

Aililui^tion  to  inulnr  Me.. .  livutun  cslcnnuL 

Blnvntbn  Hith  iuIiliir|.i4ii..){ontDB  Kii|>erior  luid  Internua,  with  abll- 

<]iiU!t  iiifcriur. 
Dcprewion  with  luIilui^tioti.Ksiriu*  inferior  itnd  inli-rnus  with  iibliiiuu* 

mipnriiir. 
KlsvHtion  with  »biJuPiiuu..K(>(<iui>  -uixirionuiilt^ilcrtiuswlLLiiliIlfiiiiis 

inrorior. 
Dc)ir«i«r|oii  iril.h  iib()iirliaii.lIoi^tii>  inferior  and  cxUmii*,  irilh  ubiiquu* 

superior. 

What  is  the  nrrvoua  mcohanixm  by  which  thestt  "iwsoci- 
oted  "  movemi-nts  of  th«  ey^-s  aru  accomplished  ?  It  h».H  Iwien 
foond,  experimvn tally,  tliut  wlii'n  difTun^'iit  parts  of  the  corpora 
qiiadriK^mina  are  stimulated,  curtain  niuvt*ments  of  thv  eyes 


Slrvisht 
Uiove- 

tnclily. 


Oblique 
invrit!>. 
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foUovr.    Tliuit,  stimnlation  of  the  riglit  side  of  Uie  luttm  lea 
to  movnniontt)  of  both  eyo9  to  the  loft,  anil  tlio  rovorao  when 

Iht!  ■•[■piiiiite  ."ido  is  s1imtilftt4^^1;  alao, 
stimulation  in  the  midiUu  linf>  causes 
coiiverj;«QC«  and  downward  move- 
ment, ctf.,  with  thu  correspond!  ii([ 
uiovumeiitfi  of  the  ins.  Since  tmction 
of  the  nates  in  thu  middle  line  It^nuk 
to  niovomuuts  confined  to  tho  ey«  of 
the  stimn  side,  the  center  would  ap- 
]iC.:iT  to  he  double.  However,  it  may  ho 
ilint  the  celli<  actually  coiicemud  do 
not  lie  in  thu  corixira  quadri^mina, 
but  below,  or  outside  of  them.  The  louatixntion  is  an  yet  in- 
com  pi  eta 

Tho  Horopter. — If  we  hold  up  one  finger  before  another,  ia 
front  of  both  l\vos,  whr«n  the  accommodation  is  made  for  thf 
one  the  other  will  a]i{K-Ar  double,  owing  U>  the  imager  not  fall- 
ing on  cornuiponding  pni-ts  of  the  retina;  for,  if  one  oye  be 
closed,  one  uf  the  images  disnppourit. 

Another  way  of  putting  the  matter  i«,  to  say  that  the  objootti 
in  the  field  under  consideration  do  not  lie  in  the  horopter.    The 


Piu.  t3S.~t)iiurrii[ii  I' 

rilWUtliill   III    Ilti.  :  . 

lli^  4^tiiri]l«iitinr  til 
VUlU.! 


'.II  -I:  .LlJi  dif^ 
III    rjifi    <Nii. 
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dnl*,  louuccarroni  nujr  oltanr  poltotll  (m  Di  rnU  ou  oorrMpondloif  poinU  at  11*  ra" 


latter  is  that  arrangement  of  point:*  in  space  from  which  rayF 
full  on  corresponding  (identical)  parts  of  the  retina.     It  must 
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/with  the  positioD  of  the  eyes,  head,  etc.,  and  often  coosti* 
tntes  A  vory  complex  Reometrical  figure  when  the  varioun 
points  nre  united.  The  simpler  cane  is  when  standing  upright 
we  look  townnl  the  distant  homon,  in  which  instance  the 
horopter  formst  ii  plane  <ivjvwn  beneath  u.s — i,  e„  is  the  ground  on 
whii'h  we  stand.     This  will  ii]iii(-:it-  from  Fig,  4W. 

EitimatioB  of  the  Sixe  &ud  Siftanee  of  Otyeoti.— The  process^ 
by  which  we  fonu  a  judgmeat  uf  the  size  and  distance  of  objecte 
are  closely  related. 

Ad  wo  havt-  iilrwidy  shuwn  (page  583),  the  visual  angle  varias 
hoth  with  the  size  and  the  distance  of  an  object  Knowing 
that  two  objects  are  at  the  .'lanio  distance  from  the  eye.  wo  csU- 
mate  that  thu  one  io  larger  than  tlie  other  when  the  image  one 
forms  on  the  retina  i»  largor,  or  when  the  viaiml  angle  it  Kub- 
tends  is  greater  than  in  the  other  case,  and  convoraoly.  Thus, 
knowing  that  two  persons  are  at  the  distance  of  half  a  mile 
away,  if  one  is  judged  by  us  to  he  smaller  than  the  other,  it 
will  be  because  the  retinal  image  corresponding  to  the  object 
ia  smaller,  other  things  Iwing  equal.  But  the  subject  is  mon^ 
complex  than  might  ho  inferred  from  those  statement;!. 

We  have  already  pointed  out  that  objects  of  a  certain  color 
seem  nearer  than  others;  also  those  that  are  brighter,  as  in  the 
case  of  mountains  on  a  clear  day.  And  not  only  do  all  the 
([Uftlities  of  the  image  it^^elf  enter  as  data  into  the  constniction 
of  the  judgment,  but  numerous  muscular  sensations.  The  oym 
accommodating  ami  converging  for  near  objects,  from  the  law 
of  association,  give  ri^ne  to  the  idea  of  nearness,  for  habitually 
such  takes  plivco  when  near  objects  are  viewed,  so  that  the 
subject  bocomes  very  complex.  That  we  judge  imperfectly  of 
the  position  of  an  object  with  hut  one  eye  is  realized  on  attempt- 
ing to  stick  a  pin  into  a  certain  small  spot,  thread  a  noedlo,  cork 
a  small  bottle,  etc.,  when  one  eye  is  closed. 

Solidity. — By  the  use  of  one  eye  alone  w©  can  form  an  idea  of 
the  shape  of  a  solid  body;  though,  in  the  case  of  such  n8  are  very 
complex,  this  process  is  felt  to  he  both  laborious  and  imperfect. 

From  the  limited  nature  of  the  visual  field  for  distinct 
vision,  it  follows  that  we  um  not  with  one  eye  nee  equally  dis- 
tinctly all  the  parts  of  a  solid  that  is  turned  toward  us.  After 
a  little  practice  one  may  learn  to  define  for  himself  what  he 
actually  does  see. 

Such  a  figure  as  that  following  results  from  the  combina- 
tion, menfnlly,  of  two  others,  which  answer  to  the  images  fall- 
ing on  the  right  and  on  the  left  eyes  respectively. 
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In  imlt-r  th»1  vnrU  fusion  nhall  tnk<>  (ilnoc,  the  respective 
iinugiis  must  full  Ml  idt'itticAil  (correspuiiditig)  jtarts  of  the  retiua. 


\7^ 


"^^ 


V!  niiiwnuni  binomlar  dnJon,  If  the  trnnrnl^  prnmM.  I',  be  loolinl  ■!  Kith  UK 
jCWf]  lirLil  prriimJlcuTAilf  ofvr  ihp  Itnuiv.  fiL*  iirioKc  tannr^  la  ihf  rlirhl  fy^  wltpu  the 
ton  1>  i^liMiI  b  fl^ml  on  tlu>  riiilil.  aud  tlial  antu  whrai  itic  rlicbi  ryr  it  clanl  t>  r>f 
nvuiilnl  (>y  iJu*  nuiint  In  Ihu  miiliUii.  Xu  wiiH-rTfiallion  uf  <h**B  nniin*  will  irltr  r.  tm 
ly  ■  7HinrJite  pmmn  tlixf  an  cnmbliwd  IdM  I'.  Uu-  Diturp  u  II  appmr*  Ui  IMb  rrm  lulur 


As  is  well  known,  the  pictures  viseil  for  stereoscopes  give 
different  views  of  the  one  object,  as  i-opresentfd  on  a  flat  Bur> 
face.  These  are  thrown  upon  correspondiuB  point*  of  the  retiiui 
by  the  u»e  either  of  prinms  or  inirror»,  when  the  idea  of  soliditf 
is  produce<I.  As  to  whether  movements  of  the  eyes  (convcrg- 
ence)  arc  niTOSsary  for  stereoscopic  vision  is  dispulod.  It  has 
been  inferred,  from  tiie  fjict  that  objet^ls  appear  solid  during 
an  electric  fln«h,  the  duration  of  which  is  far  too  short  to  per- 
mit of  niovementfi  of  the  ocular  niustlcB,  that  such  muveraents 
are  not  ussential.  The  truth  soems  to  He  midway ;  for  while 
eim)ile  figures  may  not  require  tliem,  thu  moro  complex  do,  or, 
at  all  events,  the  judsment  is  very  grL-atly  assisted  thereby.  It 
is  of  the  utmost  importance  to  benr  in  mind  that  all  visual 
judgments  are  the  result  of  many  processes,  in  which,  not  tlie 
sense  of  vision  alone,  but  others,  are  troncemed ;  and  the  mutufd 
dependence  of  on<>  sense  on  another  is  Rreat,  probably  beyond 
our  powers  to  estimate.  Befcronco  has  lieen  made  to  this  sub- 
ject previfjusly. 


PROTECTIVR   MkCHAVISMS  OF  TUB  ElfB. 

The  eyelids  have  been  appropriately  compared  to  the  shut- 
ters of  a  window.  They  are.  howitvcr,  not  imyiervious  to  lifcht, 
a»  any  one  may  convince  liiimcelf  by  noticing  that  he  can  locate 
the  position  of  a  bright  liKht  with  the  eyes  shut  :  also  that  n 
sensitive  person  (child)  will  turn  away  (i-eflexly)  from  a  light 
when  sleeping  if  it  be  suddenly  brought  near  the  head.  The 
Meibomian  glands,  a  mi^litication  of  the  sebaceous,  seci-ete  an 
oily  substance  that  seems  to  protect  the  lids  against  the  lachry- 
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mol  fluid,  and  preveotB  the  latt«r  running  over  tbuir  odgos  as 
oil  would  on  tlie  marf^uB  of  a  veesol.  The  lachrymal  gluud  U 
not  in  stniftiire  uiilike  tlio  parotid,  the  secretion  of  which  ite 
own  ftoniftwhat  vpseinblea. 

Tlie  saltnais  of  the  leant,  owing  to  abundance  of  fMxliaiu 
chloride,  is  wrll  known  to  all.  TIip  nervous  mecluuiiMu  of  se- 
cretion of  twu-st  is  usually  rcUex,  ilio  Miunihiit  nmiiiiK  from  the 
action  of  the  nir  ftK'>i"'*t  tin-  i^^y^bnll  or  from  iittrlinl  ilesiccation 
owing  to  ovaporution,  WIk'u  tlit*  i-yvball  it»itlf.  or  thf  notw,  l« 
irritaled,  the  afft-ri-iil  nt<rves  aro  tlii*  braiiclios  of  tht-  fifth,  to 
which  also  belong  Ihi-  t-ffcrunl  nt-r\'e«.  The  latter  include  also 
the  cen-ical  syrajjathetic  But  it  will,  of  course,  be  unilerstood 
that  the  afferent  impulseB  may  be  derived  through  a  large  num- 
ber of  nerves,  and  that  the  secreting  cen- 
ter may  bo  acted  upon  directly  by  the 
cerebnim  (omotions).  The  excess  of  Inch- 
rymiil  j-wcrcriori  i«  carried  away  t>y  tho 
nasal  duel  into  which  the  lachrymal 
canals  empty.  While  it  is  well  known 
that  closure  of  the  lids  by  the  orbicularis 
muscle  favors  the  removal  of  the  fluid, 
the  method  by  which  the  latter  is  ac- 
complisbec]  is  not  agreed  upon.  Some 
believe  thai  the  closure  of  lh»  lids  forotis 
the  fluid  on  through  tho  tulKi»,  when 
they  suck  iu  a  fresh  (|uantity ;  others  that 
the  orbicularis  drives  the  fluid  directly 
through  the  tubes,  kept  open  by  muscu- 
lar arrangements ;  and  there  are  several 
other  divergent  opinions.  The  prevention  of  winking  leads  to 
irritation  of  the  eye,  which  may  assume  a  »orions  character,  so 
that  the  obvious  urie  of  the  Kucrution  of  ti-ara  is  Ui  keep  the  eye 
both  moist  and  clean. 


Fia.  <M.— TjicliiTniBl  puna)*. 
lacrhtTHial  uo,  *iirt  uual 
numf.  opnni't!    frnin   Ow 


SpEflAL  CoNSniKRATIOSa. 

CompajatiTe. — It  stM^ms  to  he  eiftablished  that  certain  animals 
devoid  of  eyes,  as  certain  myriopodji,  are  able  to  perceive  the 
prcnenooof  light,  even  when  the  hent-ruy!*  are  cut  off.  The  most 
rudimentary  beginning  of  a  visual  appurutua  appears  to  be  a 
mas»  of  pigment  with  a  nerve  uttschod,aa  in  certain  worms; 
though  it  is  questiuuuble  whether  mere  collections  of  pigment 
without  ners'es  may  not  in  some  instances  rei)re9ejit  .still  earlier 
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mdimentji  of  our  eyed.  Among  invertebrates,  oyes  mny  in  gen- 
eral be  divided  into  two  claoae*;  I.  The  oompound  or  fiiofiLod 
eyes,  the  structure  of  whioh  may  bo  gn(lier«J  from  tlio  accom- 
panytug  figuro^  U  will  bo  notud  that  ia  sui^h  thu  rutinA  is  con- 
vox,  and  ix  made  up  of  large  compound  nerve-rods  (reiinulir), 
Bepuratud  from  one  another  by  pigment-sheuths^    The  ptoturv 


Fin.  M. 


VM.  4H.— TlirM'hcwla  trtUi  fMlanln  trom  oompai 

ncmoM  M*  bHM  dlaal*«4  amy  rram  two  of  Uin  (aeeu. 
•00* I  J'^plcnunMuMk :  J",  chlet  piBmsat-tMll ;  /■", 


rM.  MO. 

Anhropod  (afler  Claiui.    <^~ 
rrtliia:  fli,  larnr  it  1Vi«r«i 

(ockchalR-  (sficr  OiratAtn. 
r.ooniMlfUvc:  K.ttwaUMOm 
r*ir'"*'*t-n\^  of  ■niDod  Of4vi 


formtxl  liy  »uch  pyea  must  roprfsent  a  Hort  of  mosaiO)  kOd  tw 
ntlliiT  ditticient  in  dotinitiou  and  brightnu^  It  will  bo  notiood 
that  in  suuli  eyes,  both  the  cornea  and  crystalline  luns  of  vort»- 
bratua  are  rrprosented  in  multiple  form.  This  form  of  oye  is 
fdund  in  crustoeoans  aiul  xomn  ini<octft,  'i.  The  Himplo  eye  pr» 
vails  among  annolidtt.  insocts.  arachnids,  moliusks,  and  vprto- 
brot^'s.  A  mon?  udvancod  form  of  such  a  Wsual  organ  is  found 
in  the  cultI<v-fi!Ui.  It  may  be  seen  (Fig.  442)  that  such  an  eyit 
corro8poni!»  fnirly  woU  with  the  oye  of  a  vertebrate, 

Thu  uyc  of  thu  fish  is  characterizod  by  flatness  of  the  cornea; 
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ttpliorical  form  of  th?  lenn,  the  anterior  irarfww  <»f  which  pro- 
joclB  far  boyoml  Uie  pupillary  ojteiimg;  the  proBonco  of  a  pro- 


Mi,— Tnuumtw  wUim  or  thr  dnijilc  cyi-  ol  a  bvllr  lana  Intlcr  Llnuii  and  Oirnaehrri, 

L ooninil  leiH ^  VK'^mbJaopnl  bvpodernUi?ctfUa{vim^UAhuinon;  i^  plumfint  In  p<iiijin> 

ml  celts  of  lotWr ;  lU,  nAiaai  cvlU ;  81,  i-utlCular  rod*  of  latur. 

cess  of  thp  choroid  [proc^asnn  fiilcifomtis) ;  and  usually  tho 
atwonce  of  eyeliila,  the  cornpa  being  covered  with  traasparcnl 
ittian. 

The  eye  of  the  hird,  in  some  respects  the  most  perfect  visual 


'na.««— DlB«TaiainaUotiDrlinnulM(41aiat«»<if  aitll*-A*))(aft*t  BeoMia  and  Occmbmn. 
KK,  ofibStte  emMlmt^ :  C.  cnmM  :  U  \n» :  <t,  oDIaiT  tndr  of  In* ;  A,  iBMreal  Il9«r 
of  reu»  i  Kt.  Filernal  Inrcr  of  rrUti*  ;  P.  plEniaM  l*f er  i  o.  upUo  luino ;  fo,  g»ngl1nB  ; 
■l  |a|<U«ry  mrUloKe ;  >t,  iwtflaice  of  Irli. 
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or^aii  knttwii,  is  of  pwuMnr  t^lmjio  a^  a  whole,  presenting  u  lar 
jHmUirior  «urfii(!0  rom-liiml  (.-xpnnHion;  a  vi>py  r<invex  corDeS, 
a  highly  dfvuloiiwl  Ivns,  an  extremely  mox'ablo  iris;  eyelids 
mid  n,  nictitntinK  membrane  (third  eyolid),  wliidi  may  be  mtuJe 
t-j  t'ovvr  tho  whole  of  the  exiinseii  pitrt  of  ihu  eye,  and  Ihiw 
itbit'ld  screeu-like  frum  exct^tts  of  light;  oxi^ificatiuns  of  tbewlo- 

nitic;  a  )»trui'tnro  which  \a  a  peculiar 
modilivntiun  of  thi'  choroid,  of  which  it 
in  a  Hurt  of  offshoot  and  like  it  very 
Taecular,  annweniig  to  the  falcifona 
proC'CiiH  of  tlie  eye  of  the  fitdi  and  thi- 
rr<ptilo.  From  its  (tpptiirance  it  i» 
tvniic<l  the  p^cttn.  Birds,  on  account 
of  a  liighly  developed  ciliary  muwle, 
jtuHifess  wouderful  jmwers  of  m^ommo- 
dation,  rendered  iniporlunt  on  account 
of  their  rapid  mode  of  progroiwion. 
I'hey  altio  .teem  to  be  able  to  niter  the 
flizf  of  the  pupil  at  will. 

EroItttioB. — From  tliu  above  brief  ac- 
rount  of  thu  eye  in  iliHeront  grudea  of 
animals,  it  will  appear  that  its  moditi- 
catiuiiK  answer  to  diffen-ncee  in  the 
enWronmeat. 

'  Adaptation  is  evident.  Darwin  believes  this  to  have  lieen 
effectfil  jMirtly  by  natural  selection — i.  e.,  the  survival  of  the 
animal  in  which  the  form  of  eye  appeared  best  HdnjitiHl  to  it« 
needs,  and  partly  by  the  u80  or  disuee  of  ccrtitin  jwrts. 

The  latter  is  illustrated— 1.  By  the  blind  (i«hw.  insetrt*.  etc, 
of  certain  caves,  as  those  of  Kentucky :  and  it  in  of  extreoie  in- 
terest to  iiota  that  vai'ious  p:ra<les  of  traiitiition  toward  complete 
blindnesA  are  nl»!*ervnl)le,  ae'iording  to  the  degree  of  darkness  in 
wbirh  the  animal  is  f<mnd  living,  whether  whidly  within  the 
oave  or  where  then-  is  still  wmic  light,  A  crab  has  been  found 
with  the  eye-iitalk  Mlill  present,  but  the  eye  it^f  ntropbiud. 
Again,  animals  that  burrow  seem  to  bo  in  process  of  luBing 
their  eyes,  through  inflammation  frum  obvious  chuslw  ;  and  some 
of  them,  as  the  moles,  have  the  eye  still  existing,  though  well- 
nigh  or  wholly  covered  with  skin.  Internal  parasites  are  often 
without  eyeic.  It  in  not  diifirult  to  understand  bow  one  bird  of 
prey,  with  eyes  su|terior  to  those  of  its  fellows,  would  gain 
supremacy,  and,  in  |»eriods  of  scarcity,  survive  and  leave  off- 
spring when  others  would  pi-rish. 


Fio.  *(D,— ^i>  of  nncinrnal  iiirJ 
of  IJrvy  mftcT  Wlolpniipliiii 
Cn,  \\ifnm  ".  L.  irm .  HI,  n-i- 
In*  :  F,  (wciKU  .  .V...  '•[ril<- 
tK-m  ;  Ht.  ovillml'in  iif  wlc 
roUc  OMI :  Cil.  vaimtf  miu- 
ao.  Ulrd*  Mie  uniutiolly 
krwn  ttatoo,  ntM  |»in>r  uf 
-  ■  -lan-BtufMCi 
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'  (X)ur»c,  impossible  to  triu-o  vuvh  stop  by  vhicli  the 
vertobrale  oyu  has  h«>n  dowloped  from  inuru  nnUmentary 
forms,  though  thu  dst»  for  such  an  attcr^p^  havu  grenily 
acctitaiilatud  withiii  thu  Iwit  fuw  yi>itri>:  nntl  it  is  Dot  to  bo  for- 
gottpn  that  uvt'ii  thu  vvrlubralu  wyo  has  many  imperfections, 
BO  that  no  doctrine  of  vompletu  adaptation,  uccording  to  the 
argument  from  design  as  tisiially  uuderstooci,  can  apply. 

Certain  acquired  imperfections  of  the  eye  seem  to  l>e  multi- 
plying at  the  present  day,  such  as  myopia,  vfpakiiosa  of  tli© 
BK^commndative  mechanism,  etc.  The  exceswive  use  of  the  oyi«, 
awpssitatiug  undue  exei-cLift  of  this  apparatus  or  strain  of  the 
ftccomnioilation.  i»  the  fruitful  source  of  evil.  A  guod  Hyht — 
that  is,  uno  iKtlh  sufficient  in  quantity  and  falling  in  the  right 
direction  upon  the  eyes  and  tho  objects  to  bo  viowoil,  together 
with  ai;le(|unti<  ventilation  of  Ibo  rooms  occupied — is  of  great 
importance,  though,  tut  in  tho  case  of  other  organs,  it  is  im)ios- 
sible  to  avoid  wholly  the  penalties  of  over-use  of  the  visual 
apparatus. 

It  is  of  great  importance  to  recognize  that  what  we  really 
see  depends  more  u[K)n  the  brain  and  the  mind  than  the  eye. 
If  any  one  will  observe  how  frequent  are  his  incipient  errors 


■Ctain  tn  ofilt  (IMrfOnu* 


OflltiKret 


~HeUiM 


no,  «M.  -DlaETUn  Inbrmitu]  lo  illualml'f  tli'>  rlabomrioa  et  rtMUd  ImpulaM.  bcsUudllK  d 
ivUiui  Buil  i.-iiliulniuliii.-  tn  ihi-  ivn'lirkl  mrli'i.    (Munm  of  tmpulm  la  iDdlcalad  nf  •RuML 

■llniTTAEiv  Tli'-piik'tt  HliiTiliElnjH'Ti'nliiAirvihi*  fviLlrnJ  pnxv.^^  vBiW  rii-  InfnbRnI  AB  witli  vldon. 
Th>*  UtT'T  rHuvk  aiij^ii4  lo  tbo  ottwr  aeumM  tv  nearly  \bu  vaitut  rcli.>nl.  poiiilblj  qulbr  a* 
omoh,  , 
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of  vi^inii  Bpwdily  ixnreclwl,  li«  will  rrtalize  the  truth  of  the 
above  rptnurk.  Pnx:i>ii-]y  tliu  i^mu  duta  furnished  by  Ihi^eye 
aro  in  ono  mind  worked  up  in  virlue  of  [in^'t  oxporiooce  (e<luca- 
tion)  into  an  olaburato  conception,  while  to  ajiother  they  an* 
awer  only  to  certujn  vagno  forms  and  colors.  And  herein  liea 
the  gretit  superiority  of  man'B  vision  over  that  of  all  other 
snimalti. 

Within  the  limits  of  their  menial  vision  do  alt  oreetureB  : 
Man  hannnt  the  keen  ocular  discriminnttn^  jiowerof  tlit>h»wk; 
he  can  neither  see  80  far  tior  socluurly;  nor  hu»  lie  the  wtds 
ticld  of  vision  of  tho  guKcIlo ;  but  he  has  thu  mental  roaouroe 
which  onnbliM  him  to  mukt^i  more  out  of  thu  mutoriftis  with 
which  his  uyvs  furnish  him.  It  is  by  virtue  of  hiii  higher  cere- 
bral development  that  huliofiaddvtl  to  hifi  natural  eyes  uMu'i 
in  the  microncope  and  telescope,  which  none  of  Nature's  forms ^ 
can  approach. 

PathologioaL^There  may  be  ulceration  of  the  cornea,  inflaiti> 
matioii  of  this  part,  or  various  other  disorders  which  lead  tO] 
opacity.  The  low  vitality  of  this  ref^on,  probably  owing 
absence  of  blnod-Tessels,  is  evidenced  by  the  slovnew  with 
whioh  small  ulcorit  hcnJ.  Opacity  of  the  lens  (cataract)  when 
complete  causos  bliiultices,  which  can  be  only  partially  rome 
died  by  removal  of  tho  foi-mer.  laflammutions  of  any  [>urt  of 
tho  eye  aro  serious,  from  poti»iblo  adhesions,  upaciUce,  obc.,  fol- 
lowing. Should  su<'h  bo  aecomiHUHLxl  by  great  oxcotts  of  intra- 
ocular tension,  serious  damage  to  the  retina  may  result.  Of 
course,  atrophy  of  the  optio  nerve  (due  to  lesions  in  the  brain, 
etc)  is  irrenif^diable,  and  involves  blindness.  Inspection  of  the 
internal  parts  of  tho  eye  (fundus  oculi)  often  reveals  the  first 
evidence  of  disease  in  romoto  ))iirt.'<,  as  tite  kidneys. 

Prom  what  has  boon  .-said  of  the  movements  of  the  two  oyoBJ 
in  harmony,  etc.,  the  student  might  bu  led  to  infer  that  diecaHe' 
of  one  organ,  in  consoquonco  of  an  evident  close  conuection  of 
the  nervous  mechanism  of  the  eyes,  would  bo  likely  to  set  up 
a  corresponding  condition  in  the  other  unless  speedily  checked. 
Such  is  the  case,  and  is  at  once  instructive  and  of  great  prHo>J 
ticnl  moment. 

Fiuulysis  of  tho  various  ocular  muscles  loads  to  squinting, 
us  jilnvidy  iioticcd. 

Brief  Synopsii  of  the  PbyBioioCT  of  VUion.— All  the  other  |Mtrt« 
of  the  eyo  miiy  bo  said  to  uxist  fur  the  retina,  since  nil  ttre  n>-,j 
lated  to  the  formation  of  adislimrt  imago  on  this  nervous  ox-^ 
paniiioi).    Thu  principal  refractive  body  is  the  crystalline  lunM.] 
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The  iris  serves  to  re)^t»t<>  tlic  qiiuntity  of  lif^bt  sdmiltecl  to 
the  eye,  and  to  cut  oflE  too  divtriteut  mys.  In  onler  that  objocta 
ftt  tlifferent  distanccfi  may  he  Been  distinctly,  tbe  lenB  altera  in 
shape  in  rRitponRe  to  the  actions  of  the  ciliary  mu^le  on  the 
suspensory  ligiinuint,  the  anterior  snrfac©  heconiiiig  moivooii- 
vox.  Afcominwiiilinn  is  iissix^iated  with  convprgi'iifo  of  tht- 
visual  ax**s  and  contraction  of  tho  [>u)jil.  Thv  lMttt.'r  has  circu- 
lar and  radiating  plain  muscular  fiburs  (stripod  in  hirdg,  that 
aeem  to  be  ablo  to  alter  thL>  itisto  uf  thu  pupil  at  will),  ^venied 
by  the  third,  fifth,  and  sympathetic  uervee.  Contraction  of 
the  pupil  is  a  reflex  act,  the  nervous  center  lyiuR  in  the  front 
part  of  tbe  floor  of  the  atjueduct  of  Sylvius,  while  the  action 
of  the  other  center  (near  this  one)  tbrnuj^h  the  syni[mth<rtic 
nerve  i«  tonic. 

Aooommodation  through  the  ciliary  muecle  is  govom«d  by 
A conter  situated  in  the  hind  part  of  tin'  flfior  of  thu  third  ven- 
tricle near  thu  antc-rior  bundles  of  the  thicxl  iiorvL',  which  latter 
is  the  medium  of  tho  chuuge.  There  ani  certain  imperfections 
common  to  all  human  eyes,  audi  as  spherical  and  chromatic 
aberration,  a  limited  dowree  of  astigmatism,  etc.  When  mys 
of  light  are  focused  anterior  to  tho  I'etina,  the  eye  is  myopic ; 
when  p<jsterior  to  it,  bj-pennetropic. 

Tho  presbyopic  eye  is  one  in  which  thi<  mechanism  of  accom- 
,inodation  is  at  fault,  cliiufly  thv  ciliary  muscle.     The  point  of 

rsDCO  of  the  optic  ner%'u  (blind-spot)  is  insensible  to  light; 
and  visual  impulses  cau  be  shown  to  originate  in  the  layers  of 
rods  and  cones,  probably  throiigh  stimulation  from  chemical 
changes  effected  by  light  acting  on  the  retina.  The  seiii^iition 
outlasts  the  .stimulus ;  hence  positive  after-images  occur.  N(.-g&- 
tivo  after-images  occur  in  con,sequence  of  excessive  stimulatioo 
and  exhaustion  of  tho  retina,  or  di^orrlcr  of  the  chemical  pro- 
cwses  that  excite  visual  impulses.  When  stimuli  succwid  one 
another  with  a  curtain  degree  of  rapidity,  sensation  is  continu- 
ous. The  eye  can  distinguish  degrees  of  light  within  certain 
limits,  varj-ing  by  about  i^  of  the  t«tal. 

Objects  become  fused  or  are  seen  as  one  when  the  rays  from 
tbom  falling  on  the  retina  approximate  too  closely  on  that  sur* 
faoa  The  br»iu.  as  well  an  the  eye  itself,  is  eonceraed  in  such 
discriminations,  the  former  probably  more  tlnm  the  lattvr.  Tho 
various  color  sensations  we  have  are  the  ri^ult  either  of  definito 
single  sensations  or  the  fusion  phyHiologimlly  of  two  or  more 
of  these,  and  have  no  referenco  to  tho  fusion  of  pigments  ex- 
ternal to  tbe  eye.    All  human  eyes  iiro  to  soino  extent  color- 
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blind  in  the  sense  that  it  Js  proljable  thnt  other  animals  <ant«^ 
4*t<-.)  can  porceive  colors  not  im-lmivii  in  our  BiK-ctrum,  and  alao 
in  the  )t«nso  thnt  all  {mrts  of  Hw  rutinn  aru  nut  equotiy  sensitivo 
to  rays  of  a  ouHniii  WHvv-longth ;  but  »umv  pt-rHonH  ai^  utiubl« 
to  pvrroivv  vortain  colors  ut  all. 

The  macula  /»/<■«,  an<l  espcciaUy  the  fovea  centmlis.  aru  the 
points  of  ^rreatest  retinal  tw^nsitiveness.  When  tin-  images  of 
objects  are  thrown  on  these  parts,  they  aru  tm^n  with  complete 
liistiiictnpss ;  and  it  ia  to  effet- 1  this  result  thnt  thi>  movements 
of  the  two  eyes  in  concert  take  place.  An  ubjuet  i»  j*een  as  one 
whuu  the  position  of  the  eyes  (vistinl  nxot»)  \&  such  that  the  im- 
Agw  formed  fall  on  oorresiKindinf;  parts  of  the  retina.  Binocu- 
lar vision  is  importimt  to  supply  the  sensory  data  for  the  idea  of 
solidity.  It  is  important  to  remember  that,  before  an  object  in 
"seen "at  all,  the  sensory  impressions  furnished  by  the  retina 
luid  «)nveye*i  inward  by  the  optic  nerve  arc  claborat^H)  in  the 
brmin  and  br<^iu);ht  under  the  cognizance'.-  of  the  pereeivinff  <>yci. 
Wo  n<ooKnizt<  many  visual  illusions  and  impt-rfections  of  vari- 
ous kinds,  the  course  of  which  it  is  difficult  to  locate  in  any 
one  part  of  the  visual  tract,  hucIi  as  are  referred  to  "  irradia- 
tion," "  contrast,"  el^.  There  may  also  be  visual  phenomena 
ihnt  nni  purely  subjective,  and  others  that  result  from  sugges- 
tion rather  than  any  definite  sensory  basis  of  retiuul  images. 
Hence  what  one  s«e8  depen<ls  on  his  state  of  mind  at  the  time. 

This  applies  to  appreciation  of  size  and  distance  also,  though 
in  such  caws  we  hare  the  visual  angle,  certain  muscular  movo' 
nients  (muscular  aeuso).  the  tttraiu  of  accommodation,  etc.,aa 
guide**. 


HEARING. 

As  Uio  end-organ  of  vision  is  protected  both  without  and 
within.  si>  is  the  still  more  complicated  end-organ  of  the  st-nsu 
of  liiitring  more  perfectly  guarded  agiun.Ht  injury,  being  in- 
ohtsetl  witliin  n  menihninous  as  well  »e  bony  covering  and  snr- 
Muudt-il  by  fluid,  which  must  shield  it  from  stimulation,  except 
IlirouKh  this  medium. 

Hittring  pn>per,  as  distinguished  from  tbe  mere  recognition 
iif  Jam  lo  the  tissues,  can,  in  fact,  only  be  attained  through  the 
im)iuli*i«  conveyed  to  the  auditor)' brain-centers,  as  oriKinalvd 
in  the  eud-orgiu)  by  the  vibrations  of  the  tluid  with  which  it  is 
bnthol. 


IlRAltlNQ. 
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It  will  be  ast)iim«l  that  tho  xtudont  has  made  liimself  famil- 
iar with  the  KL'tiemt  anatomy  of  llio  wir.  The  essential  points 
in  regard  to  tuiund  are  conHidered  in  the  chapter  on  "The 
Voiofi."  It  will  be  remembered  that  what  we  term  a  musical 
tone,  an  distinf^uiahed  from  a  noise,  is  cliaracterizerl  hy  the 
regularity  of  vibrations  of  tlie  air  that  reiu-h  tht  ear;  ami  that 
ii«t  HS  cthitreal  vibrations  of  a  certain  wave>le»gth  givo  rise  to 
tile  saaeation  of  n  particular  color,  so  do  afiruil  vibratioiui  of  a 
dotinitf  wave-length  originate  a  certain  tone.  In  each  case  must 
wu  tukv  into  account  a  physii-al  caiiso  for  the  pbyMological 
effoct,  and  thetH!  bear  a  very  exact  relationship  to  onu  another. 

Ax  will  bo  seen  later,  while  in  nil  animals  that  have  a  well* 
defined  Hensu  of  hearing  the  process  is  uHiientiully  such  as  we 
have  indicated  above,  the  meutis  tendiuK  up  to  the  tinal  stimu- 
lation of  the  ead-orgati  are  very  various.  At  present  wo  shall 
consider  the  acoustic  mechanism  in  TDammals,  with  special  ref- 
erence to  man.    There  are  in  fact  three  aets  of  apparatus:  (1) 


N  N\ 


I7»£J 


t^ 


FM.  MS  -AfcUm  Uin>ini)<  ■iMlH'irT  ontMi  inrirr  SaiquT'.  1.  plnns:  9.*,  K.cairll]rof  cnnrhb. 
<alN'iulft'J4Kih1lf«r>'ioriiiiu  wllhopt'iilair  of  tvnunluoiHirlanilii:  A^  (iiniibraDd  tyinrionl ; 
T.  anlHtor  put  of  ineui :  <l  niallra*:  9.  Iobk  huwHnof  mftllma.  aiiu.'Ki'O  lo  liilFrual  wir- 
nm  iif  tynip«Dlu  lUHnilirHnr-II  !•  hnv  tvfnrBMilMl  M  Muairly  iiutinaii :  1(1,  lHi»ir  lytii* 
Hnl  miw.'l'  :  II.  Irmpunli-  I'mlty:  li  Kiwliu'hlan  thIh-:  IS,  ihii-tidt  ■■oilrlri'iilnp  •-uinl ; 
H.  i>4i«<<.'hi.pr  v-mloiiviilnr  oanal :  ir-,  i^tl'Ttinl  iu.-»nli:lm»lnr<.'ftnal :  (1^*  <*f^*lili^  ;  1'^  knt'^riial 
AuJilorj  niratUH,  tH,  fA^'lnl  n<-rvo  :  lU,  Ifi-r^^  [vtrotdJ  iiri't^  ;  t.\  v«4tftmlar  ItraiHjIt  nT 
aodltufj  nrrw-;  Vi.dvlilinrbmui-livrwjng. 


one  for  collwtinB  the  atrial  vibrations;  (3)  one  for  transmit- 
tiDR  them  ;  and  (3)  one  for  reeoiviuK  the  impi-ession  thronj-h  a 
fluid  medium;  in  other  words,  an  external,  middle,  an<l  inleriial 


ear. 
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The  eaiertial  ear  iii  man  l>u!iig  practJcnlly  imniuvnbli),  owing 
U>  the  feeble  ilevelopmunt  of  its  niuncUw,  Iibh,  wa  cumpurutl  with 
8iich  animals  aa  the  horee  or  cow,  but  littio  uxu  ax  a  coUectitiR 
i>r|{an  for  the  vibrationn  of  the  air.  The  meatuii  or  auditory 
canal  may  be  regarded  both  as  a  conduutor  of  vibrationa  and 
M  prot4^ictivc  to  tho  miildle  ear,  especially  the  d«Ueaito  drum- 
head, since  it  is  provided  with  hairs  externally  in  partienlar* 
and  with  glands  that  si-cretu  a  bitter  siibstAnco  of  an  unctuoua 
nature. 

The  Hembrut*  TympuU  is  coucbvo-cddvox  in  form,  and,  hav- 
ing attached  to  it  the  chain  of  bones  shortly  to  be  notice«l,  ia 
well  adapted  to  takp  Qp  the  ^-ibrations  communicated  to  it  from 
the  air ;  though  it  also  enters  into  sympathetic  vibrntion  when 


Tm.  Un  -  llMitoemphlc'  mprrwintiillnii  nl   lieht  ini!mtn«iiB  (impsnl,  itpuwl  rniin 

iBR*r  Klfiil  BDiI  KUcllTiin-r)     1,  itl'WIi'il  hrul  el  iiisllcun  ,  t.  iiix^k  :  3,  Iiniirllr  — rti  tuaia 

<iub<r  ra-IltiTlrii.'  niirl  liiiiTi-ln-ulrkr  iU»'r>  •it  ly uii-itui'-  m'-mhnut-;  H.  flhrMU  rtu (ndrdlu 
tOKwUta  lokllHM:  13.  anlcrlDr  iKwkel :  It,  clionlk  tjmpuil  Derte. 


the  bom-8  of  the  hea<]  are  the  medium,  as  when  a  tuning-fork 
is   held   botwL'cn   tho   t«eth.      Oniinary  stretichod   membntnes 


IIKARING. 


TOT 


have  n  fiiudftm«ntii1  (xclf-tonu,  prupvr  toiiu)  tonu  of  their  own, 
to  wliiuh  th«y  respond  inoro  rcfulily  tlinii  k>  others. 

If  such  hold  for  tho  monihniTiii  lym|iimi,  it  is  ovidvnt  thnt 
certain  hinox  would  bo  heard  buttor  thuii  othuii;,  uud  that  whua 
the  fundnmciitiil  one  waa  produced  tho  rc«ull  might  be  a  sen- 
sation  unpluasiLiit  from  it»  iritoiit^ity.  Thiu  is  piirtiully  obviated 
by  Ihe  dampiiig  t-ffect  of  thu  auditury  ussicli-s,  which  also  pru- 
Tent  after- vibrationa 

SoTii«  Hiippotw  that  what  we  denominate  nhriU  or  harsli 
sounds  are,  in  part  at  leaRt,  owing  to  the  auditory  iiioatua  kav- 
log  ft  oorrospriixlitig  fiiiidamotital  note  of  its  own. 

Tbe  Aoditory  OsooIm.— Tliougb  thuso  ttninll  buucs  aro  con- 
ooctud  by  pL-rfvct  Juint^,  ponnitting  a  curtAin  amount  of  pliiy 
upon  oiiu  aiiutliiT,  ux|)urimL>nt  has  ahonu  that  they  vibrate  in 
response  to  the  movementB  of  the  drum-lieod  en  vtasae ;  though 


VM.  M7.~8c>cUon  ot  niuUIory  uripui  of  hnm'  lartur  CSiuiirraui  A,  aucUlorr  caiuU  ;  0.  lofini* 
timui  CTiiir«ai  I  C,  iiinlUnw :  />,  Idoim  :  y.  ■upn  -.  U,  nwslotil  cella :  H.  (mmbu*  orallt ; 
I,  tmUiiuIb  ;  J.  K,  U  vaUtoa  at  srinltiirouliu-  vuiua :  it,  codilc* :  .V.  — "■tmrfntTiMmt  Of 
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the  6tttp<>K  h(u<  by  no  nieiiiix  tli<j  ntiigu  of  movement  nf  thol 
dlu  of  tliti  mallcuB:  ill  other  wurdtt,  there  U  !()(«»  in  ampIittKlu, 
but  j^in  iti  intuiisity.  A  j^iatiou  nt  Fig.  44H  will  uliow  that  llii- 
Liriii  uttuiuud  by  Uiiu  arraiifjemeiit  of  nieiubmiK^  aitil  boity  lovi.-r%, 
which  may  he  virtually  reduced  to  one  {as  it  is  in  the  frog, etc-,), 
in  the  traiit<inisaion  of  the  vibrations  to  the  mi'iubraji(!  of  the 
fenestra  ovalis,  through  the  »tapeR  finally,  and  so  t<>  the  Buids 
within  the  internal  ear.    But  it  might  be  supposed  that,  for  the 


Vjo,  4tf.'-plBCTkminulp  rrpmuBttliiii  flliutimllns  auitllorr  |ifu<L—»  (aftrr  nnauDlii.  4. 
external  (u- :  B,  uililiUc  mt;  C.  Uih-rnal  iMir  :  1.  iiijrU'I>- :  l;cxti-ruiil  huiIIIutt  usmim:  )L 
irmiHuium  :  4.  nmiiitnna  tyui|<kul :  &.  Kii>.iac:liliiii  iul»- .  B.  uihiiolil  >-rlli> :  to.  r«*«nif« 
nHUfiiSuTii :  11.  fonuiiiqi  nrali* ;  IV.  v(«tlliiiLf-  ;  lA.  i-iH-hliMb;  K.  hl^ilU  IjihimuiI  :  1^  vftlft 
nailHill :  IS,  ■cniti-lmiUrMnalu 

v.  B.— The  par  h  to  comiilimtvil  nil  or«nn  thai  II  )•  BlUKMI  Irninvilblv  U>  0rr  ■  dunva^ 
maLlL'  rvnAfleniailoii  oS  ii  al  uikv  Aliutklo  adiI  oomplrTfl  In  a  4lnt;lp  ni^u?.  A  cooiinMiM 
or  Ihr  wlmU-  H-rliv  ut  cuu  U  Uierafi-m  iliirinUiJu.  1%  I*  anavotial  ta  unik-nujiil  lioir  tha 
•nil-i'HIiui  wlliiiii  till*  Mgiila  mnllK  In  HtlmnlniAl 

Avoidanco  of  i^bix-kK  luir]  the  better  tulnptatioii  of  the  appanitns 
to  it«  work,  donic  n-ffuliitive  apparatus,  in  the  form  of  a  nerv- 
out<  and  mu»cuhir  mechatiism,  would  havi'  Ixten  evolvoit  in  the 
higher  t^roupti  of  nnimiils.  Such  is  found  in  the  t4^>nmr  tym- 
pnni.  laxator  tympaoi,  and  Htapedius  niust-tes,  lui  well  tut  the 
Eiistiu-hian  tube, 

Uiuotet  of  the  Middle  Eor.^The  tensor  tynipani  rcfnihiteg  the 
duyn-e  of  teasiiin  of  the  drum-head,  and  hence  its  amplitude  of 
vibration,  having;  a  damping  effect,  and  thus  preventing  the  ill 
results  of  vory  loufi  S"un<l!*. 

Ordinarily  thie  ii«,  doubtU-As,  a  reflex  act,  in  which  the  liftb 
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isiisunlly  thi>  affiTL'ii)  iiprve  i^iniLvriu-d.  It  la  well-known  that, 
wliuii  »■»•  are  awan-  that  an  explosion  is  about  to  taku  place,  we 
are  not  »a  mucb  allocted  by  it,  which  would  seem  to  argue  a 
volnnlary  power  of  acconuiiodation ;  hut  uf  this  we  must  spwftk 
with  caution. 

AcconiinK  to  some  authontit*  the  laj-ator  lynipani  is  not  b 
musrle,  hut  u  smjjpoi-tinK  ligamttiit  for  the  malluiiB.  The  alape- 
ditis.  however,  hajt  the  importnul  function  of  regulating  the 
movements  uf  the  »lnpi-s,  so  that  it  shall  not  Iw  too  violently 
driven  againKt  th«   mt-mhrane  covering  the   tV'UL-stm   ovalis. 

The  two  muscles,  stapedius  and  tensor,  BUggwt  the  accom- 
unMliitive  mechanism  of  the  iris.  The  motor  nerve  of  the  sta- 
pt^idiHs  is  derived  from  llie  ftwMftl ;  of  the  tensor,  from  the  tri- 
geminus through  the  otic  gaugliou. 

The  Enatachiu  Tnbe.— Manifestly,  if  the  middle  ear  were 
closed  permanently,  ils  air  would  gradually  he  ahsorbed.  The 
druui-hi>ad  would  lie  thrust  in  hy  outward  pressure,  and  liecome 
useUws  for  its  vibrating  function.  The  Eustachian  tube,  by 
communicating  with  the  throat,  keeps  the  external  and  internal 
pressure  of  the  middle  ear  balanced.  Whether  this  canal  in 
permanently  oi>cn,  or  only  during  swallowing,  is  as  yet  unde- 
termined. 

One  may  satisfy  himself  that  the  middle  ear  and  pharynx 
comninnicate.  by  closing  the  nostrils  and  then  distending  the 
upper  air-passages  hy  a  forced  expiratory  effort,  when  a  sense 
of  distention  within  the  ears  is  experienced,  owing  to  the  rise 
of  utmospheric  pressure  in  the  tympanum, 

Pftthological. — Intlammation  of  the  tympanum  may  rPHult  in 
adheMJous  of  tlie  small  hones  to  other  part*  or  to  each  other,  or 
to  occlusion  of  the  Eui^tachiau  tube  from  excess  of  secretion, 
C'ieutricos,  etc.,  in  consi.4|uencB  of  which  the  relations  of  atmos- 
pheric pressure  bt-oume  altered,  the  membrani  lymi)ani  lieing 
indrawn,  and  the  whole  series  of  eonilitions  on  which  the  nor- 
mal transmission  of  xibrations  depontls  di!*tnrbisi,  with  the 
natural  resnll,  partial  ih.-afncMS.  The  hanlnet^^  of  hearing  ex- 
perienced during  a  severe  cold  in  the  head  (catarrh,  fit«.)  U 
owing  in  groat  part  to  the  occlusion  of  the  Eusla«^'hian  tube, 
which  may  he  either  partial  or  complete,   " 

By  filling  one  or  l>oth  of  the  twrs  external  to  the  mom- 
brana  iympani  with  cotton-wool,  one  may  satisfy  himself  how 
Msential  for  hearing  is  the  vibratory  mechanism,  which  is,  of 
course,  under  such  circumstances  inactive  or  nearly  so;  huuco 
the  deafness. 
39 
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Wlipn  thu  miildlo  o«r  18  not  fmictioiiftUy  nctivp.  it  is  still 
pusitiMu,  so  long  lis  Mio  aufliu>ry  nerve  is  uurmal,  to  hi.-ur 
viljrutioiis  of  a  Inxly  (as  n  tuning-fork)  held  agoiiLit  tlie  licucl; 
tliougli,  08  would  bo  oxpucted,  disorimiruition  ns  to  pitch  i» 
vnry  imperfect. 

Auditory  hitpttlaes  originata  within  tin?  iiini<r  f«r — that  is 
to  eay,  iu  tlie  vt-Dtibulo  uiid  possibly  tlte  isemivireulur  can&U, 


Flo   «19.— nimfTUTN  ini.inili..i   1-  illii«tr(i("  [ft"  iir.wv.wn  iif  h"iirinjt  inflw  LjLnilnlal.     Ad, 

VVUvTuJ  jir^']lTor->  ini^Iiu:   T,  i>jjii--. TriMfitr.rdini'      K    niftllfiiiit ;  a«  inciia;   f\  m^lfllr 

mr  :  <i^  FflifMEni  -.^^ilt^:  r.  rrtt'-^tm  iiHriiriilJL  )->  —'it'n  [ilnnnnj  :  nr^  'PulA  TT^tllful]  :  l\ 
vnvtjfciulfl  ;  '*\  naoculo:  L^  iiU-I^Jl' ,  Jl,  tKtm-^lt^-n^iki  \iikua^'.  TE^  EutKchlut  lubt  li^njt 
Arrow  IndluLf*  IIih^  of  Inctiau  of  irnsor  tyukpuil ;  attnr%  i-*iir¥til  ont  Uial  of  StA\trMvM- 

bnt  espocially  in  the  coolileti.  It  is  to  bo  rr-momlHTi'd  that  llio 
wholt^  of  till)  on<]-orgun  cuncuniud  lii  hetiriug  is  bftthod  by  ondu- 
lymph ;  and  that  tliw  vibrations  of  the  latter  are  ori^inatvd  by 


Wm-  Ml    BmUop  (hrouitli  nri<- lit  il<"  <-c.lla  nt  mrliJnadinivabMJiWau)     ST,  Mak  I 
SI'.  pcal«  nallbuU  :  Cf'.  tncbl-iir  ••n.tm\  ifvuIo  mrrlM):  Oi,  iirjt»a  in  Omili  Jl,  ■ 
of  bbmu':  b.  mauiliruin  LmriTKrlii;  rm,  Ismlua  ■plralla  obh:  J;  UMDliriu  Is 
1.1,  n)d*<i(CVinl :  nc,  covlilnfti  iwire  mUh  IU  iiaiiKlloii.  iHU 


«*1 
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coJTcspiHKling  vibrations  of  the  perilymph,  whirh  again  is  spnt 
into  OBCtllitlion  by  the  iiiu\'«inents  of  the  stapc>s  against  tha 
muml>rani;  covoring  tho  funostra  ovaiis;  so  that  tlio  vibnitious 
thus  »i-t  up  witliout  thf  ii]omhni.iii)ii.-<  hiliyriutli  aro  tran^- 
(ormod  iutu  siuiiUir  uduh  withiu  ihu  Vfi«tibul<.<  and  Ihv  »cala 
vestibuU,  aiiU  L'liil,  after  [tasHing  ov«r  thu  scala  lyuipaui,  agaiust 
the  membrane  of  the  fenestra  rotunda.  The  cochlear  c-anal 
may  be  reKanleti  as  the  seat  of  the  nioht  im]iortJiiit  part  of  the 
organ  of  hearing,  and  answers  to  the  macuU  lutea  of  the  eye 
iti  many  respects. 


« ^  V»/ 


Titt.  4fitr— I-  lViMUvrr*r  Hdicm  tif  a  turn  vl  c.<ocli](4-  11-  Ainpulla  of  ft  ■emk'In.'uliLr  cuia! 
knd  III  crfXa  lU'iiiiMli'ii ;  on,  nuillliiry  <M>lt>i.  <>iu>  of  wlildi  li  ■  hAlm>[l.  Ill,  Dlocnuti  of 
UhjrrlnUi  o(  Duyi.    IV.  6[  btfd.    V,  M  nnh.    lAftor  I«iulr4>ii 


I 


The  organ  of  Corti  ha-**  given  rise  to  certain  spectilafions 
which  rptiuiro  a  brief  notice.  It  has  been  supposed  that,  as  the 
key-board  of  a  piano  may  be  said  to  cause  certain  tones  by 
being  aiwoctat*Hl  with  stret^rhi-d  wires  of  varying  longth)>.  »> 
the  vibrations  of  tlic  nidtt  of  Ci)rti  originuto  in  certain  nerve- 
fil>ers  the  Mnsations  answoring  to  the  difTvront  tones  we  hear. 
It  was  found,  howovor,  (I)  that  these  rods,  though  very  na- 
inerons  (i!,On(i  lo  10,000).  an*  insufhcient  to  account  for  the 
actual  rangu  of  our  tieariiig ;  {i)  that  they  are  absent  in  certain 
clautL'S  of  auiniHls  that  discriminate  sounds  very  well,  as  birds; 
and  (3)  that  thu  nerve-fibers  do  not  lerniinato  in  these  rods  at 
all.  but  in  the  hair-cells  of  the  organ  of  Corti.  It  is  now  pro- 
posed that  the  basilar  mnt}ftranr  (present  in  birds)  may,  like  a. 
aeries  of  tense  atrings  of  different  lengths,  be  the  required 
organ.    The  failure  of  certain  tlieoriee  of  vision  should  have 
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mado  pIiyisiolijgiDtM  viiutious  in  luinptiiiK  so  m^hnnir-nl  an  pxplii- 
uatiuu.     If  nil  our  jHinx-ptious  of  oulor,  howpver  miiiutf  the 


4otti.  y  arm  of  eoonlM ;  K,  liiinr,  anil  /",  ohIm",  hnlr-nrlli ;  n.  ninr-ilt.rilii  tvnol- 
OBilnK  Id  F:  n.  a.  mppartliiE  wIIk  :  rf.  -vile  nf  (iin-iin  Kplmlin:  i.  iiinr'*  ml  i>f  Cnrtl;  n, 
tatiirr  rtHi  a1  CortI :  ma.  in^'nibrAnc  ft  0>rtl  imomlimufh  r«oiorlar ;  o,  mt^nibrAna  rvUni' 
Um :  H.  li,  cbO*  ut  am  (uwonl  uuivr  wall, 

shade  of  (li£fi<rL'iicc  from  otLurn  (and  Homo  Ix-Iicvu  wo  can  recof;- 
nize  millionH  of  »urii  griulations),  nris  the  rusult  of  thu  fusion, 


A.K. 


Fn.  4M. 


'  toiLBi  A.iiilllijii  ilillliiilliliii  trom  macula  aeouilliv  of  nwulc  of  alllBMor.  moeb  mmcbI- 
Am  CafUr  tcmnin.  c.r.  i.nluniiuu-  linir-wlli :  /./.  liber nllii:  n.  nmv-llbBr  loitat  M 
■nrnjullkrr  (bMUh  aiul  uliuiil  m  Uniiliioio  In  iviliimnar  kudiion' oilto :  k,«iuHli»r  blr: 


K.  taMotuiilEtory  hnln  ii|illl  ir|i  lnu>  niirll> 


Piu,  M.— DMicrninnikllc  rppmc-nivlxn  of  dWinbuKun  of  ■uiiltai7 
Utomnlli  uid  cofblta  lulnr  lluik-jr) 


U 


fiTTLxl  to  aWvt-  geem  t(>  ua  utterly  at  varianw  with  tht^  fiiiula- 
menlal  coiiccpliniis  of  biology :  are  so  piircly  coiiceptiuii»  that 
liav©  tKeir  birth  ii)  physics,  that  we  deem  it  wiser  to  rtwt  with- 
out any  iitteinpt  at  na  I'Xphumtion  of  thi.*  ongiii  of  autlitury 
sonsatiouH  in  detail,  than  to  awept  such  artificial  ami  imnktiuati- 
solutions  as  hiive  been  pro)>oRed.  Subjeetive  mnsations  of  liL-ar- 
inR  are  common  enounb  in  the  insancand  answer  to  the  visions 
of  Ihe  same  rlass  of  jiersons:  so  that  we  inii.tt  reco^iiu*  the 
Kibility  of  such  ^ensationit  arising  without  the  usual  exlems) 
^mulus. 


I 
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The  sinictnr(»  of  the  ampiiUfn  of  the  wniicirciilivr  paiiaK 
and  otlit-r  iwrU  of  the  liihypinlh  besides  thnst-  fl])rn.<.mlly  coii- 
iridcrotl,  with  their  j>ocuIinr  hair-cells,  suKg^-^ts  an  uuditory 
fuDction :  hut  what  that  nmr  bo  \»  ns  yet  (|uitv  undutenuiued. 


Tia  tM  -DtMrlbutloticCeoeblaMriMnwlDairirai  inmiiin-<r  3iii-*ro  iTjr<-i'I"r  (lan  of  ovlil-v  of 
rlKbt  rar  ittur  titmKt\-    1.  tnutk  of  o(k:U1iiu-  iiHrvr :  ■■,  Mi['ii.i^rAiiiiii*  (im-'  »f  npinl 

rlnr  pIM*  at  lunlna  (iitralU:  4,  ortOov  of  •.■ommunlnUnn  hMwRm  snla  lynipanl  wiil 

■oiJkTeMaiuiL 

It  iias  bfiCD  thought  that  the  parts,  other  than  the  coofalca,  are 
conrerned  with  the  appreciation  of  noise,  or  perhaps  the  in- 
tensity of  sounds ;  but  this  is  a  matter  of  pure  speculation. 


Auditory  8kn8ation8,  Psrckptions,  and  Jcdouents. 

We  have  thus  far  been  concerned  with  the  conduction  of 
the  aerial  vibrations  that  are  the  physiral  cause  of  hearing; 
but  before  we  can  claim  to  have  *"  heard  "  a  word  in  the  highest 
iieitse.  certain  processes,  some  of  them  physiological  and  some 
psychical,  take  place,  as  in  the  case  of  vision ;  hence  we  may 
sjK-ak  of  till'  atTwtion  of  tim  omUorgan  or  of  auditory  impulses, 
and  of  thi»  pnw^wseM  by  which  tho».!  become,  by  the  me<liation 
of  the  brain,  auditory  »-n»titioh».  and  when  brought  under  the 
cognizance  of  the  mind  as  auditory  ]K>rceptiun:«  and  jndg- 
mentf--. 

Auditory  Judgment!. — Such  are  inuch  mure  frequently  erro- 
neous than  are  our  visual  judgment*,  whether  the  diruction  or 
the  distance  of  the  sound  he  considered.  As  in  the  case  of  the 
eye.  the  muscular  senw,  from  iicconuiiodatinn  of  the  vibrator)" 
mechanism,  may  assist  onr  juilgnii'iit^s.  being  aided  by  our 
ittorod  past  oxporienccs  (memory}  according  to  the  law  of 
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association.  8onn(iti  an-,  however,  always  n^ffrnsi  to  llie  worli 
without  lis.  Th«>  anitiials  with  mov»bU<  i-nr.-*  yrcmtly  excel  mau 
in  «>Htiiiiating  tlio  direction,  if  not  thu  disUiiice,  of  suundi. 
Tiiei'<>  arc  {*>w  physiolufpcal  expcrimiinU  niorw  amusiug  tlxan 
tlidsc  jii-rfoniK-il  un  a  pLT^ua  blind foldLil,  wlit-u  attviuptiuK  lo 
(luUii-uiiiic-  oitliur  tliu  dititauco  ur  the  direction  of  a  aoundixi^ 
tuuinK-fork,  sn  gross  are  the  emirs  made. 

One  who  makefl  audi  obHervatioiis  on  othurs  ituty  notti» 
that  most  perHoiLS  move  the  ears  slightly  wlit-n  al t<Mn|>liii£   to 
make  the  necessary  di8crimitiationi<,  whioh  of  itself  tendrt  to 
show  how  valuable  mobility  of  those  organs  must  be  to  tlio» 
animals  tlml  hiiv  it  liiifhiy  di-vi-lojieil. 

Ban^  of  AoditflTT  Dltcnmiaation. — If  we  compare  tberanyt 
of  Ben8e-i)fr«'i)tioii  of  eye  and  ear,  we  tinil  that  the  latt«r  u  "i 
this  resiJect  far  superior  to  the  former.     ARsuming  that  tlic 
jjerception  of  red  is  owing  to  the  influence  of  rays  of  light  witli 
four  hnndred  and  lifty-six  billiv^ms  of  vibrations  \teT  aecoiMl  aDtl 
violet  at  the  opposite  end  of  the  ^iKtotruni  with  rays  of  six  Inn- 
(Ired  luid  sixty-seven  billions,  it  will  1h>  seen  that  tht<  total  range 
does  not  coiTyspoiid  with  evt-n  one  oct-avo;  while  thi>  i»«r  tun 
discriminate  butwwu  tones  aniiwertng  on  the  one  hand  to  abonl 
forty  aerial  vibrationn  per  second  and  on  the  other  to  thiitt- 
eight  thoiisiiiiii  or  more,  though  this  latter  is  greater  in  ib« 
upwuni  direi-tion  than  mu«t  jkthoux  euii  appreciate.     8uch  liu- 
it«  anxwer  to  at  least  ten  times  that  for  the  eye.    On  the  ntli«r 
hand>  a  sense-impreiisfon  on  the  organ  of  hearing  htsts  a  shorltf 
time  by  far  than  in  the  case  of  tlie  eye,  tto  that  f  ui^ion  of  aodi- 
tury  Hense-inipreHsionB  ts  less  readily  produced. 


Special  Cosst  derations. 

ComparatiTe.— Among  invertebrates  steps  of  progrmnivpi 
TClopnivnt  win  be  trawd.  Thus,  in  certain  of  the  jelly-fishes  ir» 
find  an  auditory  vosiole  (Fig.  4.W)  im-losiiig  fluid  pro\ide>l  witii 
one  or  more  ntoliths  or  calcareous  nodule:*  and  auditory  wU* 
with  attached  cilia,  the  whole  making  up  an  cud-organ  connected 
with  the  auditory  nei-\'o.     A  not  very  dissimilar  ai:  ■  i-nl 

of  parts  exists  in  certain  inollusks  (Fig.  1«"),  The  i  ■  .  ^ly 
lie  on  a  ganglion  of  the  central  nervous  system.  On  tho  otbiT 
hand,  the  vesicle  may  lie  open  to  the  exterior,  as  in  deca|wJ 
cruMtaceiins ;  and  tho  otoliths  l>o  replaced  by  grains  of  «uni 
from  without.  It  is  ditllcult  to  ilei^ide  what  the  function  nf 
otidiths  may  be  in  manimaU;  but  there  seems  to  be  little  reuwo 
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to  doubt  thnt  tht^y  comtnuiilcat*^!  vilirntions  in  tho  mvt)rt«brati-«. 
AVhuii  tho  cupliulupoil  iimlluskM,  witli  tbtfir  liighly  dwvwlopvd 
nervuiui  system,  art-  ryacliKil,  wu  fiutl  a 
membranoua  ami  carlilaginoug  laby- 
rinth. 

Amonp  rerlrhmtes  the  ilifFerent  parts 
of  the  mammalian  ear  are  found  in  all 
stages  of  (ievelopment.  The  outer  ear 
may  Imj  wholly  watiting.  as  in  the  fniit, 
or  it  may  I'xiat  as  ti  mtnitus  only,  us  in 
birds.  Tb«  tympanic  cavity  is  wanting 
in  snakea  Most  fishes  have  a  utricle 
and  three  semicircular  canals,  but  some 
have  only  one;  and  the  lowest  of  this 
group  have  an  ear  not  greatly  removed 
from  the  invertebrate*  type,  as  may  be 
seen  in  the  lamprr-y,  which  haw  ti  waccnle 
^th  auditory  hairs  and  otolttb-s  in  com- 
inication  with  two  simiicirculnr  ca- 
"naU^  Most  of  the  amjdiibiH  nru  without 
a  membrana  tympani.  The  frog  bus  (I) 
a  membrana  tympani  communicating  with  the  inner  ear  by  (3) 
a  bony  and  cartilaginous  lever  (colutnella  auris),  and  (3)  an 
inner  ear  consisting  of  three  gemicircular  canals,  a  saccule  and 
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iitriclo  containing  many  otoliths,  and  a  Rmall  dilntatinn  of  the 
vestibulf,  which  uiwy  indioato  «n  undeveloped  oot-hlea.    The 
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membranoDs  labyriuth  is  coutained  in  a  periotic  cRpsuIo, partly 
bony  and  partly  cJiHila^^oous,  which  is  Bupplie*!  with  |»iT- 
il)Tnph.  Tliero  is  a  fenestra  ovalin,  but  not  a  fenestra  rotunda, 
though  the  latter  is  present  in  reptile«i.  In  crocodiles  and 
birds  the  oochlea  is  tubular,  straijjiht,  and  divided  into  a  scala 
lympani  and  a  scala  vostibuli.  The  ortlnnifllla  of  lower  forms 
sliil  persists.  In  birds  and  ninnimal^i  the  bone  liack  of  the  ear 
i»  IioUowchI  out  to  somu  oxtunt  uiid  communicates  with  the 
tympanum.  Except  Hmonj;  thu  very  lowost  mammals  (Br/iid* 
?tii).  the  Liir  \»  such  as  has  been  described  in  detail  alrimdy. 

XvolatioB.— The  above  brief  description  of  thu  auditory  urgan 
in  differonl  f^mips  of  the  animal  kingdom  will  suffico  to  show 
that  tliore  has  been  a  proRressive  development  or  incruasing 
differentiation  of  structui-e,  while  the  farts  of  physiology  point 
to  a  corresponding  progress  in  function — in  other  words,  there 
has  been  an  evolution.  No  doubt  natural  selection  has  playiyl 
a  great  part.  It  has  Ixieii  suj^Ki'Sted  that  this  is  illustraliHl  by 
cats,  tluit  can  lieiar  the  high  tones  produciid  by  mico.  which 
would  he  inuudiblo  to  nio»t  mammalx :  and,  an  the  very  exist- 
ence of  such  animals  must  depend  on  their  detecting  their  prey, 
it  is  possible  to  understand  how  this  principle  lias  operated  to 
dbtermiuo  ewn  what  cats  shall  survive,   Tho  author  has  noticed 
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tliat  UTriur  ilogx  aUo  hnvv  »  v«ry  acuto  sense  of  hoaritiR,  and 
ihvy  al»u  kill  rdbi,  etc.  But,  iiiiIo»k  it  he  deoieil  that  the  im- 
provfuR-nt  fr<»m  uso  ami  tliu  rL'Vi.T»i'  cun  be  inheriteUf  this  fac- 
tor iiui»t  alrKi  1>o  tnkoii  into  tliii  rccoudL 

ThiTo  siH'iii  to  hv-  (5iv«t  (liffi'rt'ijws  lietween  hearing  as  it 
exUtu  in  niuii  ami  in  luwur  foi-nm.  Bir^K,  and  at  least  some 
horeoit,  puswibly  «unui  cal^  mitl  dogs,  like  inu8i<;,  and  Rive  ovU 
dence  of  the  poHseitsiuti  of  a  seoHe  of  rhjthm,  as  evidenced  by 
the  fonduft  of  the  steeil  of  the  soltlier.  On  th.>  <)t]ii'i'  Imml, 
Home  du({8  Heem  to  greatly  dislike  music.    Certain  animals  that 
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apiM>ur  to  be  dovnid  of  Irne  liparinR,  asapidera,  are  neverthe- 
less sitnsitivo  to  ai-rial  vibrations;  whether  by  some  spwial  un- 
discoveroil  organ  or  throu);li  the  K<^iiernl  cutaneous  or  other  kind 
of  seDSibility  is  unknown.  It  aluo  si^-vmH  to  be  moi-e  than  prob- 
able that  some  grouiut  of  ins<>ct«oan  hoar  sounds  r|uitt3  innndible 
to  us,  though  by  what  organs  im  in  gntit  niwisurc  unknown. 

The  so-called  musical  ear  dillL-n^  from  thu  non-nuiMical  in 
the  ability  to  discriminate  differoncus  in  pitch  rather  than  in 
quality:  in  fact,  that  one  defective  in  the  former  power  may 
pOJiaeets  the  latter  in  a  high  degree  is  a  fact  that  liajt  been  some- 
what last  sight  of,  both  theoretically  and  practically.  It  doiw 
not  at  all  follow  that  one  with  little  capacity  for  tune  may  not 
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have  tlio  qunliflcatioiiH  of  ear  re(|uisite  to  tnako  a  lirat-rat<>  «lfi> 
ciitiutust.  Following  custom,  wv  have  HjHtken  as  thou>{li  cer- 
tain dt'fi'Cts  ftiui  their  opp<»iite8  depfimled  on  the  i?ar,  but  tn 
reality  wo  chu  not,  iti  tlio  cai^e  of  mnii  at  nil  c-veiits,  nOiriii  that 
such  is  the  cuee;  iiidcd),  it  seenii',  on  the  whok>,  more  Ukoly 
lat  they  aru  ii'rohral  or  uiunUU.  Auditory  dieoriininatiuiis 
em  to  be  eqiiiilly  if  iiut  moTv  Kuscoptiblu  uf  impruvuuiful  by 
culture  than  visual  ontis  cspt-ciiiUy  in  Iho  ces«  of  the  young. 

A  "^od  ear  "  s<.>c>iii»  lo  dopuiid  in  uu  small  ilogreci  on  mem- 
ory  (if  sounds,  though  the  lattt-r  may  again  liave  it*  basis  in  the 
nmiitory  end-organs  or  in  tho  ocn.'bral  cortex,  as  concerned  in 
hearing.  The  necessity  for  the  close  connection  between  the 
co-ordinations  of  the  laryngeal  apiiaratus  in  singing  and  speitk- 
iug  and  the  ear  might  ht-  inferred  from  the  fact  that  niiiiiy  ex- 
cellent musicians  an^  tJicuisolvus  uuublo  to  vocalizu  iLe  muidc 
they  perfectly  appreciattv 

Synopiia  of  the  PIiyaiol<^7  of  Rearing. — The  car  can  appreciate 
ditTi'ivHLvs  ill  pitcii,  lntiJiit-y>,  iiuii  iiuality  of  sounds,  though 
whether  different  parts  of  the  inner  ear  are  concerned  in  thew 
discrimimttinns  is  unknown.  Hearing  i»  the  result  of  a  tM-rii-M 
of  procfTflses.  having  their  physical  cu»nt*-r])nrt  in  aerial  vibra- 
tions, which  begin  in  the  end-organ  in  tlie  labyrinth  and  ter- 
minate in  the  cerebral  cortex.  We  recognize  conducting  aj*- 
paratus  which  is  membmnous.  bony,  ami  fluid.  The  auditory 
nerve  conveys  the  auditory  impulHits  to  the  brain,  though  ex- 
actly what  terminal  culls  arc  concerned  and  liow  in  originating 
them  must  be  regarded  as  undetermined.  Tlie  es«ieutinl  jwirt  of 
the  rirjian  of  hearing  is  bathofi  by  endolymph,  and  the  princi- 
pal part  (in  mammals)  is  nnthin  the  cochlear  canal.  Maq's 
power  to  locate  sounds  is  very  imperfect.  The  auditory  bmin 
center  (or  centers)  has  not  been  definitely  located.  Compara- 
tive anatomy  and  phy.siolog>'  point  dearly  to  u,  prugmesive 
development  of  the  sense  of  hearing. 


THE  SENSE  OF  SHELL. 

The  nose  internally  may  bo  divided  into  a  respiratory  and 
an  olfactory  region.  The  latler,  which  corresponds,  of  courslL^ 
with  the  distribution  of  the  olfactory  nerve,  embraces  the  upper 
and  part  of  the  middle  turbinated  bone  and  the  upper  j>art  of 
the  Heptnm,  all  of  which  differ  in  microscopic  structure  from 
the  re3]»iratory  region.     Among  tlie  ordinary  cylindrical  cpi- 
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tholium  of  the  olfactory  regiou  arc  found  i>wiiliar  hair-cotl^ 
liiglily  HUggestive  of  tliow  of  tlie  labyrinth  of  the  ear,  aud 
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which  are  to  be  repanied  as  the  end-orffanB  of  amell.  If  aro* 
matic  hodifw  bt>  hold  Itfifnm  the  noHe,and  respiration  HUBpencIed, 
they  will  not  be  rt-cognizcd  as  such, 
and  it  is  woll  kuuwri  that  sniffing 
greatly  astdtit^  thu  xcnsu  uf  tiuivU. 
Again,  if  fluids,  such  as  eau  de  Co- 
lognt,  bo  held  in  the  nose,  their  aroma 
ia  not  detected ;  and  immediately  after 
water  has  been  kept  in  the  nostrils 
for  a  few  seconds,  it  may  be  notice*! 
that  Bniell  is  greatly  blunted.  Such 
is  the  case  also  when  the  mucous 
menibratiP  is  niucli  swollen  from  a 
cold.  There  chti  be  no  duubl  that  the 
presence  of  fluid  in  the  above  oases  is 
injurious  to  the  delicate  hair-cells, 
and  that  smell  is  dependent  upon  the 
excitation  of  these  cells  by  extremely 
miniiie  {>articles  enianatinj^  from  aro- 
matic bndies. 

When  ammonia  is  held  Iwfor©  the 
no8u,  a  powerful  sensation  is  expori- 

onced ;  but  this  is  not  smell  prop»>r.  but  an  affection  of  ordi- 
nary sensation,  uwin;;  to  stimulation  of  the  terminals  of  the 
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fifth  nerve.  It  is  pottsiblc  that  the  auditory  nerve  may  aiao 
pnrtic'iiuite,  tliougli  certainly  aot  8o  aa  to  produce  a  pure  sea- 
itation  of  btnoll. 

Like  the  otlii-r  !tonm.-organR,  that  of  amell  is  readily  fa- 
tif^uod;  and  perhaps  tho  sutisfnctiou  froDi  siiieUiuK  h  Itouquot 
of  mixL-*!  Hitwfi's  is  iromiwirablB  to  viewing  the  suiutr,  oin>  scent 
after  uiiolber  being  perceivod,  and  tm  one  n-muiuiug  predomi- 
nant. 

Our  jud^mtMit  of  the  position  of  bodies  posaessing  xmell  in 
lm»  perfect  even  than  for  those  emitting  sounds ;  but  we  always 
project  our  sensations  into  the  outer  world,  uever  referring  the 
object  to  the  nose  itself.  Subjective  senaations  of  »du<11  are 
raro  in  the  normal  aiibject,  though  common  enough  among  tho 
disitu«i>(l,  as  is  complete  or  partinl  lo^s  of  smell.  It  has  be^-n 
found  that  injury  to  the  fifth  uurvc  iuUTfertss  with  smell,  which 
is  probably  duo  tu  trophic  changes  in  tho  olfactory  region. 

Compuktivft. — Tho  investigation  of  the  senses  in  the  lower 
forms  of  life  is  extremely  ditHcult,  and  in  the  lowest  presents 
almoRt  insurmountable  otistaclea  to  the  physiologixl,  because 
thtiir  psychic  life  is  so  far  removed  from  our  own  in  terms  of 
which  we  must  inttM-pi-et,  if  at  all. 

The  iiurliost  form  of  olfactory  organ  appears  to  be  a  deprett- 
flion  lined  with  special  cells  iu  connection  with  a  nerve,  which, 
indeed,  suggests  tliL*  cmbrj-onic  beginnings  of  the  olfactory 
organ  in  vertebrjites.  as  an  involution  (pit)  on  the  epithelium  of 
the  head  region.  It  would  appear  that  we  must  believe  that  in 
some  iif  the  lower  forms  of  invertebrates  tlie  senseji  of  ttinell 
and  taste  are  blended,  or  possibly  that  a  percejitinn  results 
which  i»  totally  different  from  aii>'thing  known  to  us.  The 
close  relation  of  smf  11  and  tAsto.  even  in  man,  will  be  referred  to 
presently.  There  are,  perhaps,  gri-ater  individual  difFen'uces  in 
sensitiveness  of  the  nasal  organ  among  mankind  than  of  any 
other  of  the  sente-organa  Women  usually  have  a  much  keener 
perception  of  odors  than  men.  The  sense  of  smell  in  the  dog 
is  well  knnwu  to  be  of  extraordinary  acut«nes»;  but  there  are 
not  only  great  differences  among  the  various  breeds  of  dogs, 
but  among  individuals  of  the  same  breeds;  and  this  M^ose  is 
being  constantly  improved  by  a  process  of "'  artificial  selection  " 
on  the  part  of  man.  owing  to  the  institution  of  field  trials  for 
setters  and  pointers,  the  best  dogs  for  hunting  (largely  deter- 
mined by  the  sense  of  smell)  being  used  to  breed  from,  to  the 
exclusion  of  the  inferior  in  great  part.  Our  own  p<»wer  to 
think  iu  terms  of  smell  is  very  feeble,  and  iu  this  nwpoct  the 
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doj;  and  Idn(]red  aiiimaU  probably  liAvo  a  world  of  their  own 
lo  no  small  pxtent.  Th«ir  niitiiiory  of  smolU  ix  alao  imiiii»aaur- 
ably  bdttor  lliari  our  own.  A  dog  liai;  bi^a  known  to  detect  an 
old  list,  the  property  of  bin  master,  that  had  been  K'ven  away 
two  yi-ars  iK-forw,  as  ovideiic-ed  by  his  recovering  it  from  a 
rt'molo  place. 

The  importance  of  smell  as  a  giiide  in  the  selection  of  food, 
in  detecting  the  presence  of  prey  or  of  enomioK,  etc,  ii  very 
oh^nons.  By  culture  some  persons  have  learned  to  dtBtiiiguiith 
individuals  by  smell  aloue,  like  the  dog,  though  to  u  li-Mis  degree. 


THE  SENSE  OF  TASTE. 

Tho  ton^niA  le  provided  with  peculiar  modifications  of  epi- 
thelial cells,  etc.,  known  as  [uipillm  and  tjutte-buds  which  may 
be  re^anlerl  as  the  end-organs  of  the  glosso-pbnrj'ngeal  and 
lingual  nervus;  tliongh  that  those  all,esp«cially  the  tast^vhuds, 
are  concerned  with  taste  alone,  seems  nioro  than  doubtful.  In 
certain  aiiimalx  with  rough  tongues,  tho  papilhe,  certain  of 
them  at  least,  answer  to  the  hairs  of  a  bnisli  for  the  ck<Hn»ing 
and  general  preservation  of  the  coat  of  the  animal  in  good  con- 
dition. We  may.  perhaps,  speak  of  certain  fundamental  taate- 
percoptions,  such  as  su-fel,  hillrr.  acid,  and  mlrne.  Certainly 
tbv  natural  power  of  gu8tator>'  discrimination  is  considerable; 
and.  as  in  the  rase  of  tea-tast.iTH.  eapable  of  extraonliuary  culti- 
vation. All  parts  of  the  tongue  are  not  equally  Hensitive,  nor 
is  taste-sensation  confined  entirely  to  the  tongue.  It  can  be 
shown  that  the  back  edges  and  tip  i»f  the  tongue,  the  soft  palate, 
the  anterior  jnllars  of  the  fauces,  ftn<l  a  limited  portion  of  the 
back  part  of  the  hard  palate,  are  concerned  in  lasting.  Making 
allowances  for  Individual  diffen-uceB,  it  nuvy  Iw  said  that  tho 
back  of  tho  tongue  appreciates  best  bitter  substances,  the  tip, 
swoet  ones,  and  the  edges  acids. 

If  any  substance  with  a  decided  taate  be  placed  upon  tho 
tODgue  when  wiped  quite  dry,  it  can  not  be  tatited  at  all,  show- 
ing that  srdution  is  essential. 

If  a  piece  of  apple,  another  of  potato,  and  a  third  of  onion, 
be  placed  ui>on  tho  tongue  of  a  [rtsou  blintifoldei],  and  with 
the  nostrils  closed,  he  will  not  bo  able  to  distinguish  them, 
showing  that  tho  sensos  of  smell  and  of  tatite  are  relate*!;  or, 
perhaps,  it  may  bo  said  (hat  much  that  wo  call  tasting  is  in 
large  part  nmulling.     Wbeu  the  electrodes  from  u  battery  are 
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placud  on  l.lic  tongue,  a  sensation  of  taste  i»  arous<Ml,  described 
jiffevitutly  Ijy  ilifftM-fiit  |«*rsonB ;  also  when  the  tongue  is  quick- 
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ly  tappe'l,  shoving  that,  though  tostc  ie  usually  tho  result  of 
chemical  8timulatiua,  it  may  be  exctted  hy  such  as  itro  oloctrica3 
or  mechanical. 

But  it  is  not  to  ho  forgotten  that  Tre  have  usually  no  pore 
gustatory  senitntions,  hut  that  theee  are  nerossarily  Wended 
with  those  of  common  sensation.tnnipprature,  etf..  and  that  our 
judgment*  must.  In  Mic  nature  of  the  rase,  he  hascii  npon  highly 
comph'X  dat^i,  cveu  Ivaving  out  of  account  other  senses  such  as 
%'isioii. 


THE  SENSE  OP  TASTE. 
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Thf  glu»ia-p)iaryui^-ul  ie  th*!  principal  nerve  fnrthe  back  of 
thu  tungue,  and  fur  tUu  tip,  the  lingual ;  or  avcorrliiiR  to  some 
Bpecial  fibers  in  this  nurve,  derived  from  the  chorda  tympADi. 


Fio.  106.  riu  lOJ, 

FiA.  Ml,— >]t^11iiin-<i<"V><l  rirrrjniTftllAlfi  tkii(titln  mflvr  i>ikpw)-i. 

Fid.  W7.— V'arloijfl  kiiutn  of  i>aplLliD  filler  >imfi$vji.     I.  fu^^tntm  ;  K  B*^  A,  A,  aUfomi;  f, 
)wiiilii|>bar(c*l  ia|j|JlB^ 

It  is  worthy  of  note  that  temjwratiii-e  ha.t  much  to  do  vrith 
gustatory  senHations,  a  very  low  oi-  a  very  high  toinpc-raturo 
being  fatal  to  nice  discrimination,  and,  as  would  bu  expected,  a 
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Fm   UB  'TWU-bU'la.  fnim  tonKne  oC  nliMl  'fttlrr  Kngrlmuui). 

temperalurw  nut  far  rurauvod  from  "  body«heat'*  (40"  C.)  is  the 
most  suitable. 

A  certain  amount  i»f  pressuru  i«  favorable  to  tattling,  aw  any 
one  may  easily  determiue  by  simply  aliuwing  some  solution  of 
qmiiiaelorest  on  the  tongiie.aml  coinpariug  the  sensation  with 
that  resulting  wlien  the  same  is  rubbed  intu  tho  organ;  hence 
the  itiiportaiioe  of  the  movements  of  the  tonguo  in  u]iprt.4ciating 
Uie  i«Hpid  (pialitius  of  food. 

PattutlogiooL —  Among  insane  persons  both  olfactory  and 
<•) 
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gastatory  sabjc^ctivo  sotuatlonfl  aru  coiumuu,  aud  must  be  re- 
ferred to  thp  wntnil  norvoas  systuin. 

After  the  injection  of  somo  drugs  su1>cutAneoUHly,  certain 
tit8t«s  are  esjierienced.  Persons  bom  deficient  in  thv  gK^tisv  of 
8inoli  to  a  marked  degree  are  very  frequently  also  vantiug  in 
tjisliiit,'  ["'W'T. 

Comparative. — Among  tlio  lowest  forms  of  life  it  is  extremely 
diflicuU  to  ckiti-rmine  to  Ti-hat  extent  tn*tu  uud  smetl  uxisi  Bejia- 
rately  or  at  all,  as  we  can  conceive  of  tliem.  The  dilFereDtia- 
tion  between  ordinary  tactile  sensibility  and  these  aensos  liu 
no  doubt  been  very  gradually  effected.  Observations  on  our 
dnmestio  animalii  show  that  their  power  of  diiwrimiiuitioii  by 
taste  ns  well  as  by  smell  is  very  pronounwd,  though  llu'ir  Ulcus 
mill  dislikes  are  so  difTerent  tmm  our  o»^l  in  many  instat 
At  the  Hkiue  time  wo  find  that  Ihey  often  coincide,  iind  tt  is  no 
unlikely  that  a  dog's  power  of  discriminating  bt.itwi^m  a  good 
bcL-fstoak  and  n  pour  one  is  iiuiti'  K|unl  if  not  superior  to  man's, 
and  certeinly  so  if  his  sense  uf  Uuttu,  ii«  in  tlii'  human  subject, 
is  developed  in  proportion  to  his  emelltng  power. 


THE  CEBEBRO-SPINAL  SYSTEM  OF  NERVES. 

I.  Spinal  Nerves. 

Thene  (thirty-one  pairs),  winch  leave  the  spinal  cord  throngh 
the  intervertebral  foramina,  are  mixed  nerves — i  e,,  their  main 
trunks  consist  of  motor  and  si-nsory  fibers.  But  before  they 
enter  tlie  spinal  cord  they  Huparate  into  two  groups,  which  ore 


Km.  -Mh— Dtmsnun  of  noaol  aiilaal  arrrv  [Watmtlaii  vltn'tt  ot  kviIod  (•flsr  Dall«ai.    Ibp 
ilnrk  rvjiiDUii  luilleoif  Mil-  iri'gpiirriipd  parUi. 

known  as  the  anterior  or  motor  and  the  posterior  or  sonmi 
rtjots.  which  mnkf  connection  with  the  anterior  aud  i»o«terior' 
gray  horns  respectively. 


THE  CKREBRO-SPINAL  SVSTEM  OF  NERVKS. 
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Tlicso  facts  liavo  boon  o^ttibliHlRil  by  n  fc-w  simjiU-  bill  inj- 
portuiit  physiolut^k-iLl  vxpt^riiiifiiL!!,  wlitcli  will  tiuw  bu  brielly 
described :  1.  StimulEition  of  the  periplioral  «nd  of  a  epina] 
nerve  gives  ride  to  niuBcular  movements;  wbile  stimulatioo  of 
its  central  end  ca,use8  )>ain.  3.  Upon  section  of  the  anterior 
root,  stimulation  of  ita  central  end  gives  ne^tive  reHullt^;  but 
of  itR  peripheral  end  cau»eB  niUftcuIar  movement^i.  3.  After 
section  of  the  posterior  root,  Rtun illation  of  the  distal  i-nd  is 
followed  by  no  sensory  or  motor  effects ;  of  its  centra]  end,  by 
soneory  eltvc-ts  (pain). 

ThtMe  exporiiuuut*  show  clearly  that  the  anterior  roots  are 
motor,  the  puaterior  sensor}',  and  the  main  trunk  of  the  nerve 
made  up  of  mixed  motor  an<l  sensory  iibers. 

EzoeptiotL~~It  has  been  found  that  sometimes  stimulation  of 
the  periplii-ral  end  of  the  anterior  root  has  given  rise  to  pain, 
an  effect  which  disapixiftrs  if  the  posterior  root  I*  cut.  From 
this  it  is  inferrml  that  cerluiii  sensory  fibers  turn  up  into  the 
antt'rior  root  a  cfrtuin  distance.  Such  are  turmud  "recurrent 
sensory  fibers." 

Additittnftl  Experimuitt.— ].  It  is  found  that  if  the  anterior 
root  be  cut,  the  libers  below  the  point  of  section  degenerate^ 
while  those  above  it  do  not.  2.  On  the  other  hand,  when  the 
posterior  root  is  divided  ahovo  the  ganglion,  tlu-  tilH-i-s  lnwanl 
the  cord  dogoni-^rntv,  while  ihoso  on  either  side  of  tho  fjaugliou 
do  not.  From  those  exiwnments  it  is  inferred  ihut  tUo  culls  of 
the  posterior  ganglion  are  eaaentiul  to  the  nutrition  of  the  sen- 
sory tibers,  and  those  of  tho  ant«riur  horn  of  the  cord  to  thi> 
motor  fibers, 

FftthologioaL — Pathology  teaches  the  same  lesson,  for  it  is 
observed  that,  when  there  is  disease  of  the  anterior  gray 
comua,  degeneration  of  motor  fibers  is  almost  sure  to  follow. 
These  colls,  whether  in  tho  ganglion  or  the  anterior  horn,  ha%'e 
boon  t^^riued  "  trophic."  It  is  true,  the  functions  of  the  ganglia 
on  the  posterior  niots,  other  than  those  just  indicated,  ai-e  un- 
known ;  on  the  other  hand,  the  cells  of  the  anterior  horn  are 
distinctly  motor  in  function.  To  assume,  then,  that  tho  celU 
of  the  ganglion  are  exclusively  trophic,  with  the  evidence  now 
before  us,  would  bi>  preniatui-e. 

The  Tiow  wp  have  presente<l  of  the  relation  of  the  nervous 
am  makes  all  cells  trophic  in  a  certain  eenae;  and  we  think 

I  view  that  certain  evils  or  certain  fibers  are  exclusively  tro- 
phic must,  as  yet,  be  regarded  as  uii  o|>en  question. 

It  is  important,  howewr,  to  rucognlzu  that  certain  connoc- 
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tluiis  botwODO  tho  parte  of  thu  norvouti  sj-ittom,  snd  indeed  all 
of  thu  titwuos,  are  eesonliul  for  purfwt  "  nutrition,"  if  we  are  to 
continue  tho  uso  of  that  term  at  all. 


II.  Turn  Crakial  Nbrvr^. 

ThoM  nervu  have  been  divided  into  nervus  of  8p«ciiil  sonse, 
motor,  und  mixed  nurves. 

The  first  clnss  has  alrt-ody  boon  coniiidvred  with  tUv  senses 
to  vfLioh  ihi*y  bftlong. 

Thu  pbysiuIoKj-  uf  tho  cranial  neri'es  has  been  worked  out 
by  meanH  of  sections  and  cliniix>-patbologica]  iuveHtigations. 
Speaking  genorally,  a  good  knowledge  of  the  anatomy  of  Uiestu 
nerves  is  a  great  Btep  toward  the  mastery  of  what  U  known 
of  their  functions,  and  such  will  be  nt^i^uiiicd  in  this  clinpt4.<r. ho 
thftt  the  xtndeni  may  exi>oct  to  And  the  trtutmenl  of  tho  sub- 
ject somowhat  condonsi'd. 


ad  (vnani  «■■■'> 
~     4rlgrml*a       (     Cr^a 
•!  mudaOnii  \  (mMM 

.   VII 


rio.  47Tt  — InCefided  Co  tbow  MpiviAlLy  tli^orljtlh  botli  ilr«i|i  and  «upvflcl4l  Of  crvil«l  l 

■after  tAnilobiV    Ritiimn  oharvd^w  an*  utni  to  lDi|l<sU>  th*  m-rrfv  «•  thpf  *iBvrK*^  m^ 
Am'tlf  lljfiin^  thftr  Tturlel  or  dfrp  nrl^ii, 

Th«  Hotor-OcuU  or  Third  Herre.^With  a  deep  origin  in  tb« 
gray  matter  of  the  Honr  and  roof  of  the  aqueduct  of  Sylvius, 


the:  cekkbko^pikal  system  op  xerves. 
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brancliMt  of  distribution  pass  to  the  foUowinft  musclett :  1,  All 
of  tb«  muscles  atttichucl  to  the  eyeball,  with  »ception  of  the 
external  rt-ctus  and  the  euperior  obliqiio.  2,  The  levator  pnl- 
pebr».  3.  The  circular  inuBcIe  of  the  iris.  4.  Tbo  ciliary 
mui!cle.  Both  the  latter  hrancben  reach  the  muscles  by  the 
ciliary  nerves,  as  they  pass  from  tlio  lenticubir  (ciliary,  ophthal- 
mic} ganglion.  The  relation  of  the  third  nvrw,  as  wjen  in  the 
changes  of  the  pupil  with  the  movvaivnts  of  the  eyeballs,  has 
alrctofiy  boon  noticed. 

PalhiAogicaK — II  follows  that  section  or  lesion  of  the  third 
nerve  must  give  riaa  to  the  folhiwing  aymptoni9:  I.  Drooping 
of  the  upper  lid  (ptostB).  2.  Fixed  position  of  the  eye  in  the 
outer  anffle  of  the  orbit  (luscitas).  3.  Imiaobility,  with  dilata- 
tion of  \hf  pupil  (mydriasis).     4,  Loss  of  accommodation. 

The  Trochlear  or  Fourth  Nerro. — This  uervo,  arising  iu  the 
aqueduct  of  Sylvius,  pa»i«os  to  the  superior  oblique  muscle. 

PiillniltHjirtiT. — Lesion  of  tliis  nt-rvn  leads  to  pt-culiar  changes. 
As  thi're  is  dimble  vision,  some  Hltorutiun  must  have  occurred 
in  the  usual  position  of  the  globe  of  the  eye,  though  thiii  is 
not  easily  seen  on  looking  at  a  subject  thus  affected.  Tlio 
double  image  appears  when  the  eyes  are  directetl  downward, 
id  ftpi)ears  oblique  and  lower  than  that  seen  by  the  nnttJTected 
'eye. 

The  Abductor  or  Sixth  Nerve.— Arising  on  the  floor  of  the 
fourth  vcntriclo,  it  pius,si',s  to  th«  external  rectus  of  the  eyt-ball, 
thus  with  the  tbii-d  and  fourth  nerve  completing  the  iiinorra- 
tion  of  the  external  ocular  muscles  (extrinsic  muscles). 

Paihfilniiirnl. — Lesion  of  this  nerve  causes  paralysis  of  the 
above- nieiilioned  muscle,  and  consequently  internal  squint 
(strabismus). 

The  Facial.  Portia  Dnra,  or  Seventh  Kerve.— It  arises  in  a  gray 
nucleus  in  lh<--  fliior  of  tlie  fourth  vent  rick',  and  has  an  extensive 
distribution  to  the  muscles  of  the  face,  and  may  be  regarded, 
in  fact,  as  the  nerve  of  the  facial  muscles,  since  it  supplies, 
{\)  X\ie  muades  of  ex-pvfsaion,  OR  those  of  the  forehea*!.  eyelids, 
nose,  cheek,  mouth,  chin,  outer  ear,  etc.,  and  (2)  certain  muadea 
ofmastfcaiion,  as  the  buccinator,  posterior  belly  of  the  digastric, 
the  stylohyoid,  and  also  (3)  tolhe  »/<ip*?(firM(,  with  branchefl  to 
the  soft  palate  and  uvula. 

Path<^ogical,—\i  follows  that  paralysis  of  this  nerve  must 
give  rise  to  marked  facial  distortion,  loss  of  expression,  and 
flatteninit  of  the  features,  as  well  as  i)o«»ib!y  some  deficiency 
in  hearing,  smelling,  and  swallowing.     Mastication  is  dilhcult, 
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nnd  the  food  not  n-adily  rctuiuod  iii  the  moath.    Speech  is 
ttSectetl  from  parnlyBis  of  the  lips,  etc. 

Secreionj  fihtra  proceed  ( l )  Ui  the  piimtid  gland  by  the  super- 
Sciftt  potrosa]  nervo,  Uieneo  (2)  to  ihv  otic  gaiiglinn.  from  which 
the  fibers  pasH  by  the  auriculo-lemporal  nerve  to  the  gland. 

Gujstaiory  Fibera.  —  According  to  ftnme,  the  chorda  tym- 
pani  reaUy  imppliefi  the  fibers  to  the  lingiial  nt3i'\'e  that  are  con- 
cerned with  ta»(«. 

It  will  tbiiii  bu  iteou  that  the  fiiciAl  nerve  hiut  n  grvui  variety 
of  important  functionti,  and  that  |«vraly8i«  Diuy  bu  more  or  lues 
spriruis,  acconlini:  t'>  the  iiuiiibcr  uf  IJIjltk  iiivolvwi. 

The  Trigeminu,  Tri&oial,  or  Fifth  Iterre.— TbiK  nerve  has  very 
extensive  functions.  It  is  the  tionsory  nerve  of  the  face ;  bat, 
as  will  be  spen,  it  is  peculiar,  being  a  combination  of  the  motor 
and  sensory^  or,  in  other  worHft,  Ims  [>ntlifl  for  both  afferent  and 
efferent  impulsoe.  The  motor  and  less  extensive  diviMon  arises 
from  a  nucleus  in  the  floor  of  the  fourth  \'entriole.  The  sen- 
sory, much  the  larger,  »oenis  to  have  a  very  wide  origin.  The 
nerve-fibers  may  be  traced  from  the  poue  Varolii  through  tlie 

^In  oblongata  to  the  lower  boundary  of  the  olivary  body 
the  posterior  horn  of  the  «pinal  cord.  This  origin  sug- 
gests n  resemblance  to  a  iipinnl  ne^^•e,  the  motor  root  corre- 
sponding to  the  anterior,  and  the  »cn»ory  to  a  posterior  root, 
the  more  so  as  there  is  a  large  ganglion  oonnooted  witli  the 
sensory  pari  of  the  nerve  within  the  bruin-case. 

Effereni  Fibers. — 1.  Motor.— To  certain  muscles  fl)  of  mas- 
tication— temporal,  mat^seter,  pti-rygoid,  mylohyoid,  and  the 
anterior  part  of  the  digastric.  2.  Secretory. — To  the  Whrymal 
gland  of  the  ophthalmic  division  of  this  nervo.  3,  IViso-mofw. 
— Probably  to  the  ocular  vessels,  thoAe  of  the  mucous  mem* 
brane  of  the  cheek  and  gums,  etc.  4.  Trophic. — From  the  ro* 
suits  ensuing  on  section  of  this  ner\'e.  it  has  Ikh-h  innintatned  ' 
that  it  contains  special  trophic  fibers.  We  have  discussed  this 
subject  in  an  earlier  chapter. 

Afferent  Ftbern. — 1.  Sensory. — To  the  entire  face.  To  par- 
ticularize regions:  1.  The  whole  of  the  skin  of  the  face  and 
that  of  the  anterior  surface  of  the  external  ear.  a.  The  external 
auditory  meatus.  3.  The  mucous  lining  of  the  clieeks,  the  floor 
of  the  mouth,  and  the  anterior  region  of  the  tongue,  ^.  The 
teeth  and  perio«teum  of  the  jaws.  5,  The  lining  membrane  of 
the  entire  nasal  cavity.  G,  The  conjunctiva,  globe  of  the  eye,) 
and  orbit.    7,  The  dura  mater  throughout, 

Mauy  of  these  afferent  fibers  are,  of  course,  intimately  con* 
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i«I  with  reflexes,  as  RaeeziTift,  winhinff,  etc.    Certain  secre- 
pry  acts  are  often  excited  through  this  nerve,  us  lachrymatioD, 


[Flo.  fri.-Umna  ot  niUDHiin  dlmrflniTloB  of  miriry  Dtrrtm  W  lu^  hatA  IBil  MCk(lft« 
afcUnli.  l.nitiuiniuB  ilMrlliiilinn  <if  njiliilinlmU-  'IWInloo  of  flOta  Mm i  Sk  Of  NtWW 
moxittnrr  ill'l^lun :  M.iit  lnf«ior  maxilickry  ^  J.  of  w>H>ilM-t«*aeb«at«rrl«*lD*rraii 
&.  IV.  oC  pcmUriot  hnnclm  ot  oerTliiB]  atnim. 

whoti  tht'  nuKKl  miR-ous  membrano  ix  etimulftti'd :  imlvcd,  the 
palhs  for  afferuiit  impulses  giving  rise  to  refloxoe,  including 
secretion,  are  very  numei-ous. 

Gustatory  impulses  from  tlie  anterior  end  and  lateral  edges 
of  the  tongue  are  conveyed  by  the  lingual  (gustatory)  branch 
of  this  nerve.  Many  are  of  opinion,  however,  that  the  fibers 
of  the  chorda  tynmani,  which  afterward  leave  the  lingual  to 
anite  with  the  facial  n(*rve,  alono  convey  such  imprensions. 
The  subject  can  not  bo  regarded  as  <juite  settled.  Tactile  eensi- 
;J)iUty  in  the  tongue  is  very  pronounced,  as  we  have  all  experi- 
whcu  a  tooth,  ete,,  has  for  some  reason  pi-esented  an  un- 
Bual  surface  quality,  and  become  a  source  of  constant  olTeuse 
I  the  tongue. 

The  ganglia  of  the  fifth  nerve,  no  far  as  the  functions  of 
their  cflls  are  concerned,  are  enigmatical  at  present.  They  are 
doubtless  in  some  sense  trophic  at  least.  With  each  of  those 
are  nerve  connections  ("roots"  of  the  ganglia),  which  seem 
to  contain  different  kinds  of  fibers.  These  ganglia  are  con- 
nected with  the  main  nerve-centers  by  both  afferent  and  efferent 
nervea,  and  aI.'»o  with  the  sympathetic  nerves  tlieiuselves.  Si>me 
^regard  the  ganglia  as  the  representatives  of  the  sj-mpathetic 
within  till.'  cranium. 
I.  Ttif  Ciliary  {Ophlhalmic.  Leniicular)  Ganglion. — Its  three 
roots  are :  I.  From  the  branch  of  the  third  nerve  to  the  inferioi 
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6bi&ps»  iBiBcle  (motor  root).  2.  From  lht>  naeuil  branch  of  tlie 
ophtlnlmtc  dirieioii  of  the  Sftb.  3.  From  the  carotid  ploxui« 
of  the  sympolhetw-.  The  efferent  branclica  pass  to  thp  iris,  are 
tl^TMl  chi^jr  from  the  sympathetic,  and  cause  dilntiilion  of 
th«  pupU.  Tliere  are  also  vaso-motor  fibers  to  the  rhoroiil.  ir», 
and  retina.  The  afTiTi-nt  tlben*  are  sirn- 
aory,  passing  from  tho  conjuiictiva,  cor- 
nea, etc. 

n.  The   Nasal  or  Spheno-  Paiatine 
Qanglion. — Tbu   motor  root  is  deriveil 
from  tho  fnctal   through  the  great  su- 
kj^  perficial  petrosal  nerve;  its  oympathetic 

^^'  root  from  the  carotid  plexiia.     Both  to- 

gether constitute  the  vidian  iutvc.  It 
would  seem  thnl  atTcrent  impuliM>8  from 
tlio  nasal  chitmbcrs  pass  through  this 
ganglion.  Tho  offoront  paths  are:  I. 
Motor  to  thu  IfVfttor  palati  and  asygos 
UTuIse.  S.  Vaso-motor,  derived  from  the 
8>-mpathetie.  3.  Secretory  to  the  glands 
of  the  cheek,  etc, 

III.  The  (Hie  <1nut^Mn.~H*  roots 
are:  1.  Motor,  from  the  third  division. 
8.  Sensory,  from  the  inft-rior  division  of 
tho  fifth.  3.  Syiiijittthtttic,  from  the 
plexus  around  thu  moningeal  artery.  It 
makes  communioution  with  the  chorda 
tjTJipani  and  seventh,  and  supplier  tho 
parotid  gland  with  some  lin<.«  tilumoiits. 
Motor  fibers  mixed  with  sensory  unvs 
pass  to  the  tensor  t>'mpaDl  and  tensor 
palnti. 
■  iiVirai  ^n^^~ i^m  ^^'-  '^'"'  Submaxillary  Oanglion.— 
y^\?Eo5!i^  Itg  roots  aru:  1.  Branches  of  the  chonlftj 
iH M « Mil* <<  iM-iner.  tympani,  from  which  pass  (a)  socr&tor 
f)tM<n>  to  the  submuxillnry  and  sublingual  glands,  {b)  vaso-mo- 
\iM-  (ditator)  filx-'i-B  to  tlit^  vessels  of  the  same  glands,  i. 
symfHilMir,  dorived  from  the  superior  corneal  ganglion. 
lUK  lo  thv  Mit'niaxillary  gland.  It  is  also  thought  to  bi-  tht-  path 
of  va»^>-con»trictor  tilK-™  to  thw  gland.  3.  Tho  sensory,  from 
tb<<  tiiigiial  uorve,  supplying  the  gland  substance,  its  ducts,  etc 
l\tlhi4iyiriil.—  l.  Tilt'  motor  diviiriun  of  the  nerve,  when  the 
nkniluui  of  t'lffivnt  impulsett,  owing  to  central  disorder,  may 
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CBUM  trisinus  (lockfid-jnw)  from  fonie  tetanic  nctioti  «f  tho  mua- 
cles  of  mastioiition  supplied  by  this  iif^rve,  2.  Paralysii*  of  the 
Kamo  mnwlas  m»y  ensue  from  def^ri«rntion  of  Mio  motor  nuclei 
ur  pri-Ksuro  on  tho  D«rvo  in  its  oouri^o.  3.  Nvumlgiu  of  any  of 
the  sensory  lirunches  miiy  occur  from  b  great  varii'ty  of  causes, 
and  often  maps  out  very  exactly  thu  course  and  difitrilmtion  of 
the  branches  of  the  nerve,  4,  Vaso-motor  disturbanceH  aro  not 
infrequently  as^otnated  with  neuralf^ia.  Blushing  is  an  ovi- 
dctice  uf  tho  nornift!  aotion  of  the  vaso-motor  fibers  of  th<i  fifth 
nor%'f.  S.  A  variety  of  ti'ophic  (metftbnlic)  disturbaucuB  may 
urtso  from  disorder  of  this  nerve,  its  nuclei  of  origin  or  its  gan- 
glia, siieli  as  grnyno88  and  ]o«s  of  hair  {iiiijMi-rfoct  nutrition), 
eruptions  of  the  skiu  along  tho  course  of  the  nt-rvcs,  etc.  Atro- 
phy of  tho  face,  on  on«  or  both  sides,  gradual  and  progreemve, 
may  occur.  Such  affections,  as  well  us  others,  point  in  the  most 
forcible  manner  to  the  influence  of  the  nervous  system  over  the 
metaboliMii  of  tho  body. 

Tb«  Olosso-phuTBgcal  or  Ninth  Herre.— This  nerve,  together 
with  the  va^s  and  Rpinal  accessory,  constitutes  the  eighth 
pair,  or  rather  tria  Functionally,  however,  they  are  quite  dis- 
tinct. 

The  glosso-pharyngfnl  arises  in  the  floor  of  the  fourth  ven- 
tricle above  tho  nuclmis  for  the  vagus.  It  is  a  mixed  nerve 
with  efferent  and  afferent  fibers;  I.  £^frfn(  _^fceT«,  furnishing 
motor  fibers  to  the  middle  constrictor  of  thu  pharynx,  stylo- 
pharyngeiis,  levator  palati,  and  asygos  uvulie.  2.  Affer&nt 
Jibers,  which  are  the  paths  of  sensory  impulses  from  the  base 
of  the  tongue,  the  soft  palate,  the  tonsils,  the  Eustachian  tube, 
tympanum,  and  anterior  portion  of  the  epiglottis.  Stimulation 
of  the  regions  just  mentioned  gives  rise  reflexly  to  the  movo- 
monts  of  swallowing  and  to  reflex  secretion  of  saliva. 

This  nerve  is  also  tho  special  nervo  of  taste  to  the  back  of 
the  tongue. 

The  Pscamogutrie.  Tugnt,  er  Teatli  ITure.— Most,  of  the  func- 
tions of  tliis  ntTve  have  already  been  considered  in  previous 
chapters. 

In  some  of  tho  lower  vertebrate.i  (sharks)  the  nerve  arises 
by  a  series  of  distinct  roots,  some  of  which  remain  separate 
throughout.  This  fact  explains  it^  peculiarities.  Anatomical 
und  functional,  in  tho  higher  vertebrates.  In  these  there  have 
been  concentration  and  blending,  so  that  what  seems  to  be  one 
nerve  is  really  made  up  of  several  distinct  bundlus  of  fibers, 
many  of  which  leave  the  maiu  tnink  later. 
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It  mny  ho  reganlf>d  as  the  mast  complicatutl  nmre-truiik  in 
the  buiiy,  niiri  tbe  diittribution  of  its  tibors  is  of  the  moet  vxttm- 
sive  rharacUT.  Following  our  clustiiGcatiun  of  efferent  and 
afferent,  we  rvcognize : 

1.  Effervnt  fibers,  which  are  motor  to  an  extensive  tract  in 
th<?  rwpiratory  and  iilimentary  rejiions. 

Th«8  the  constrictors  of  the  pharynx, certain  niusclos  of  the 
palate,  the  oesoph&gas,  the  Htomach,  and  tbe  intesti&o,  rvcoivo 
an  abundant  mipply  from  this  source.  By  tlie  laryngeal  uorves, 
probably  derive*!  oriKi'iiiny  from  the  spinal  a(vct<.<«ory,tbe  mus- 
tim  of  the  larynx  are  innervated.  The  muRclos  of  the  trachea, 
bronchi,  etc.,  are  also  supplied  by  tbe  pn«iumo)i:a«lric.  It  ia 
probablv  that  vaso'mofor  lJb<>r)t  dxrivud  from  tbe  sympathetic 
run  in  braucbos  of  the  vagus.  The  relntionH  of  this  nerve  to 
th«  heart  and  longs  have  already  been  explained. 

S.  Afferent  Fibers. — It  may  bo  said  that  afferent  inipoll 
ttota  all  the  reruns  to  which  efferent  fibers  are  supplied  pan' 
towanl  by  the  vagus.  One  of  tbe  widest  tracts  in  the  body  for 
affvivnt  impnlses  giving  riiie  to  reflexes  is  connected  with  the 
nm«-cent«<rs  by  the  branches  of  this  nerve,  as  evidenced  by 
1^  many  well-known  phenomena  of  this  character  referable 
lu  thi5  pharynx,  larynx,  lungs,  stomucb,  etc.,  as  vomiting,  sneox- 
iag^  coughing,  etc..  This  norvo  playa  some  important  part  in 
■winllon,  no  doubt,  but  what  that  ia  has  not  been  as  vet  well 
■rtnMiiihcd. 

^^tkohgifol. — Section  of  both  vagi,  as  might  bo  expected, 
l««di>  to  death,  which  may  take  place  from  a  combination  of 
yartK+y'-*'  changes,  the  factors  in  which  var>'  a  good  deal 
¥Htlt  tha  class  of  animals  the  subject  of  experiment.  Thus,  tbe 
ift  aK>m«  animals  (dog)  boats  with  great  rapitlity  and 
itu  wxhaust  itself.  In  birds  (^8pecial1y  ia  fatty  degeiiera- 
Ufnof  h««rl.  «tom»ch,  intOMtiuus,  etc,  liable  to  follow, 

fhnUv'U.'i  of  the  muscles  of  the  larynx  renders  bronthing 
lli)mrK>uit.  Ftom  loos  of  sensibility  food  accumulates  in  the 
pharynx  Mut  flnda  ita  way  into  the  larynx,  favoring,  if  not 
».  tu^i,  inflammation  of  the  air-passag«vi. 

<  '1  to  bi>  forgotten  that  upon  the  views  we  advo- 
V,,  I"  ivustjuit  influence  of  the  nervous  system  over 

n!  'dily  metabuliitm,  it  is  plain  tliat  after  section 

1  avrve  with  fibers  of  such  wide  distribulioa, 
i>.<iu  the  moet  profound  changes  in  bch^c 
1,  ^  '■cte*!,  as  well  as  the  more  obvious  fun< 

I.  •    or,  to  put  it  otherwise,  the  results  thi 
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(bUow  ore  in  tliunist'lvos  ovidt'iicc  of  llio  irtrongi-sl  kind  for  the 
docrtrine  of  a  ponstant  neuro-mt'tRbolic  influitnro  which  we  ad- 
vocate, it  v,*ill  not  be  forgotten  that  the  dopressor  iic-rve,  which 
exerts  refleily  so  important  an  influeuoo  ovor  blood-pre«»ure. 
is  itself  deriveii  from  the  vaRiia. 

The  Spinal  AocWHOTy  or  Eleventh  Nem. — This  nerve  nrt^-s 
from  tho  tnodulla  chionj^atA  .luniciwhat  far  back,  and  from  thv 
spinal  cord  iD  the  rogion  of  the  fifth  to  the  seventh  vt-rtubra. 
Leaving  the  latoral  coltiiuiis,  it«  fibers  run  upward  between  the 
douticulatf^'  ligament  and  the  posterior  roots  of  the  spinal  nerve 
to  enter  the  cranial  cavity,  which  as  they  ikkuc  from  the  cra< 
nium  subdivide  into  two  bundles,  one  of  which  unites  with  the 
va^us,  wliile  the  other  pursues  an  independent  course  to  reach 
the  stemo-mastoid  and  trapezius  muscles,  to  which  they  fur- 
nish the  motor  supply ;  so  that  it  may  be  considered  function* 
ally  equivalent  to  the  anterior  root  of  a  spinal  nerve.  Tho 
portion  joining  the  vagus  seems  to  supply  a  large  part  of  tho 
motor  fiber*  of  that  nerve. 

Pathological. — Tonic  contraction  of  \\w  flexors  of  the  head 
causes  wry-neck,  and  when  they  are  paralyzud  the  head  is  drawn 
to  the  sound  side. 

The  Hypogloiial  or  Twelfth  Nerve— It  arises  from  the  lowest 
part  of  the  calaniu.t  scriptorius  and  perhajis  from  the  olivary 
body.  The  manner  of  its  emergence  between  the  anterior 
pyramid  and  tho  olivary  body,  on  a  line  with  the  anterior  spi- 
nal roots,  suggests  that  it  corresponds  to  the  latter :  the  more  so 
as  it  is  motor  in  function,  though  nl»o  containing  somp  vaso- 
motor fibers,  in  all  probability  destined  for  the  tongue.  Such 
sensorj-  fibers  as  it  may  contain  are  derived  from  other  sources 
(vagus,  trigeminus).  It  supplies  motor  fibers  to  the  tongue  and 
the  muscles,  attaelied  to  the  hyoid  bone. 

Pathological. — Unilateral  section  of  the  nerve  gives  rise  to 
a  corresponding  lingual  paralysis,  so  that  when  the  tongue 
is  protruded  it  points  to  the  injured  side;  wlien  being  drawn 
in,  tho  reverse.  Speech,  singing,  deglutition,  and  taste  may 
also  bo  abnormal,  owing  to  the  sub.tect  being  unable  to  moke 
tho  usual  co-ordinated  movements  of  the  tongue  essential  for 
tlMseacts. 
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RBLATIOKS  op  TUE  CBREBRO-srnCAL  AKD  SYMPATHETIC 

Systems. 

NodiTiaion  of  the  nervnuH  system  has  been  no  imtiatisfiictory, 
becatiM  BO  out  of  relation  with  other  parts,  ag  the  synipiithctic 
It  wft8  ftlso  desirable  to  attempt  to  c(i-oriliii»t<>  the  cerebntl  urnl 
spinal  norvvij  in  a  letter  fashion  ;  and  vuriuus  uttc-uipts  in  ihut 
direction  havu  bi^en  inmle.  Very  rocently  a  plan,  by  which  the 
wholp  i>f  thf  iiurvt's  issuing  from  the  bmin  and  roni  may  be 
brought  into  u  unity  of  uoncvption,  has  been  proposed;  and, 
though  iiivould  he  premature  to  pronounce  definitely  as  yet 
upon  the  scheme,  yet  it  doea  seem  to  be  worth  while  to  lay  it 
bufore  the  student,  as  at  all  e%'entB  better  than  tlio  isolation 
implied  in  the  three  divisions  of  the  ner\-es  which  has  buen 
taught  hitherto. 


Pm.Cl 


Tin  473. 

ria  m.    UanirllciD  ci-U  fram  >Tmiuiihi>llo  mrkHad  (rf  m* ;  gTMIIy  diMtntttnt.  ant]  itiinrluc 

boUi  nnlKliI  ■ml  iMIlral  nin^nmiirr  V""'"' 
Flo,  -ITl.^UiiUlfHilAr  (nnull'in  r<'tli>  from  wmpatbi-lio  tyttem  ot  man.  blifhl)'  UUMIIMM  iMtlrr 

mtx  SuhiillaFi    n.  orll  [m-l  RVim  ta|aulc:  b,  Inclnxd  vltUu  M  uuckatid  mMuls.    In 

boUi  Ihi' prrwnK*  bare  tiocn  liroken  awaj- 

Instoad  of  the  rinss ideation  of  nervw  into  efferent  and 
afferent,  connected  with  the  anterior  and  the  posterior  honu 
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of  the  gray  matter  of  the  apinni  rord,  another  division  has 
beon  proposod,  viz.,  a  division  of  nerve-fibers  and  their  cuntera 
of  origin  in  the  gray  matter  for  tho  supply  of  the  int«mat 
and  the  external  pnrts  of  the  body— i.  e.,  into  nplamdinic  and 
somatic  nerves,  Thit  oontorsof  origin  of  the  splanchnic  nerves 
are  referrecl  Ut  groups  of  culls  iu  the  gray  mn1t»!r  of  tllo  cord 
aronnd  the  ceiilral  canul ;  w^hilo  the  somatic  nerves  spring 
from  the  gray  cjriiuii  iind  supply  the  intcgumunt  and  tho 
ordinary  muscles  of  locomotiun,  etc.  The  splanchnic  nervoa 
supply  certain  muscles  of  respiration  and  deglutition,  derived 
from  the  embryonic  lateral  phites  nf  the  mesnhlast ;  the  somatic 
nerves,  muscles  formed  from  tho  niuscle-platea  of  the  same 
region. 

It  ia  assumed  that  the  segmentation  of  tho  vertebrate  and 
invertebrate  aninml  i»  reh»t4jtl ;  and  that  segmontation  is  pro- 
ser^'ed  in  the  cranial  region  of  the  vertebrate,  hs  showu  by  the 
nerves  thcni^ielveK. 

The  afferent  fibers  of  both  splanchnic  and  somatic  nervos 
pass  into  the  spinal  ganglion,  situated  in  the  nerve-root,  which 
may  hv  regarded  as  .'stationary. 

It  is  different  with  the  ant«nor  roots.  Some  of  the  fibers 
arc  not  connected  with  gnnglia  at  nil ;  olliers  with  ganglia  not 
fix«d  in  position,  but  occurring  at  variable  distances  from  the 
central  nervous  system  (thesL'  being  the  so-called  sympathetic 
ganglia):  thus,  the  anterior  root-fiburs  are  divisible  into  two 
groups,  lioth  of  which  are  elTereut,  viz.,  gnngliouated  and  non- 
ganglionated.  The  ganglionatud  Iwloug  to  the  splancbnic  sys- 
tem, and  have  relatively  small  fibers;  the  non-ganglionated  in* 
eludes  both  somatic  and  splanchnic  ner*'es,  composing  the 
ordinary  nerve-fibers  of  the  voluntary  striped  muscles  of  respi- 
ration, deglutition,  and  locomotion. 

It  would  appear  that  these  now  isolated  ganglia  have  been 
themselves  derived  from  a  primitive  ganglion  mass  situated  on 
tho  spinal  nerves;  so  that  (lie  distinction  usually  made  of  gau- 
glionated  and  non-ganglionnted  root«  is  not  fundamental. 

A  spina]  nerve  is,  then,  formed  of — 1.  A  posterior  root,  the 
ganglion  of  which  is  stationary  in  position,  and  connected  with 
splanchnic  and  somatic  nerves,  both  nf  which  arv  afferent.  4. 
An  anterior  root,  the  ganglion  of  which  is  vagrant,  and  con- 
necteii  with  the  efferent  small-fibered  splanchnic  nerves. 

Among  the  lower  vertebrates  both  anterior  and  posterior 
rootA  pnss  into  tho  same  stationary  ganglion,  Huch  is  also  tho 
case  in  the  first  two  cervical  nervevt  of  the  dog. 
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Does  the  above-mentioned  plan  of  dUtribution.  ntc,  bold 
for  the  cranial  nervps  ? 

Leaving  nut  the  nerves  of  special  sense  (olfiu-tory,  oplie, 
And  auditory),  the  other  cmniitl  norves  may  bo  thus  divided: 
).  A  foremost  iin^iup  of  nerves,  wholly  ofToreiit  in  man,  vis., 
the  third,  f^iurth,  motor  division  of  the  fifth,  thi*  sixth,  and 
seventh,  i.  A  hindmost  group  of  nurvM  of  mixed  character. 
riz„  the  ninth,  tenth,  vlovotitb,  and  twelfth. 

The  nerves  of  tht-  first  group,  since  they  have  both  Inrg^ 
fiburt'd,  noii-ganglioniit«d  motor  nerves,  and  also  &mall>tibered 
Bplanchniu  efferent  nerves,  with  vagrant  ganglia  (ganglion 
oculomotorii,  ganglion  genioulatum#  etc.).  resemble  a  spinul 
nerve  in  respect  to  their  anterior  roots.  They  also  resemble 
Bpinal  nerves  as  to  their  posterior  root*,  for  at  their  exit  from 
the  brain  they  piiss  a  ganglion  correepondiug  to  iUu  stationary 
post«rior  ganglion  of  the  posterior  root  of  a  spinal  nerve. 
Tiii'SO  bfinjit.lKiwover,  iieithei'  in  roots  nor  gunglion  functional, 
are  to  Ix-  ri^'gnnlud  as  the  phylogeuoticully  (ancestrally)  degen- 
erated remnants  of  what  were  oneo  functional  ganglia  and 
nerve-fibers ;  in  othpr  words,  the  afferent  root*  of  thc^e  ner\'efi 
and  their  ganglia  have  degenerated. 

The  hindmost  group  of  cranial  nerves  also  answers  to  the 
spinal  nerves.  They  arise  from  nuclei  of  origin  in  the  medulla 
and  in  the  cervical  region  of  the  spinal  cord,  directly  continu- 
ous with  corrraponding  groups  of  nerve*cells  in  other  part^  of 
the  spinal  cnrtl ;  but  in  these  nerves  there  is  a  scattering  of  the 
OompiHieiita  uf  the  correspomling  spinal  nerves.  Certiun  im>cu]- 
inrities  of  these  cranial  nerves  »oeni  to  become  clearer  if  il  be 
assumed  that,  in  the  development  of  tlie  vertebrate,  degoiiora- 
tiou  of  some  region  once  functional  has  occurred,  in  oodm- 
qnence  of  which  certain  portions  of  Qorves,  etc.,  huvo  disap- 
peared or  become  functionless. 

It  is  also  to  be  remembered  that  a  double  segmentation 
exists  in  the  body,  viz.,  a  somatic,  represented  by  vertebnu  and 
their  n-lated  muscles,  and  a  splanchnic  represented  by  visceral 
and  branchial  clefts,  and  that  these  two  have  not  followed  the 
same  lines  of  development;  so  that  in  comparing  spinal  nerves 
arranged  in  regard  to  somatic  segments  with  crania)  nerves, 
the  relations  of  the  latter  to  the  somatic  mui^-hts  of  the  head 
must  be  considered ;  iu  other  words,  like  must  hu  compared 
with  like. 
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THE  VOICE  AND  SPEECa 

It  is  convenient  to  speak  of  the  Eiingin^  voice  ami  the  speak- 
ing voice,  though  there  is  no  fundaniontal  difference  iii  thi-ir 
prodtictiuii. 

Sinii)  musical  lunvs  can  bo  prcnluced  by  iiiKtrumuiitK  greatly 
reseiiililin^  those  of  Ihu  human  voice,  it  liocomos  wvident  that 
in  explaining  the  human  voice  we  must  take  large  account  of 
the  principles  of  physics. 

It  ia  to  be  remembered  that  sound  is  to  us  an  affection  of  the 
□ervous  centers  through  the  ear,  as  the  result  of  aSrial  vibra- 

tiODR. 

We  are  now  to  explain  how  such  vibrations  are  caused  by 
the  vocat  mechanisms  of  nnininls  and  especially  of  man. 

The  tones  of  a  [liano  or  viulin  uro  demonstrably  duo  to  the 
vibrations  of  thL«ir  strings ;  of  a  clarionet  to  the  vibration  of  its 
reed.  But,  however  musical  tones  may  be  produced,  we  dis- 
tinKuinh  in  them  differences  in  pitch,  quantity,  and  quality. 

The  pitch  is  dependent  solely  upon  the  number  of  vil)mtions 
within  a  given  time  as  one  second;  the  quantity  or  loudness 
upon  the  amplitude  of  the  vibrations,  and  the  ijuality  tijKtn  the 
form  of  the  vibrations.  The  fir-st  two  snirci-ly  require  any  fur- 
ther notice ;  but  it  is  rallier  important  for  our  purpotw  to  uiider- 
staod  clearly  the  nature  of  quality  or  timbre,  which  is  a  more 
complex  matter. 

If  a  note  be  sounded  near  an  open  piano,  it  may  be  observed 
that  not  only  the  string  capable  nf  giving  out  the  comuipond- 
iog  note  iwsses  into  feeble  vibration,  but  that  several  others 
WO  resptuid.  These  latter  produce  the  over-tones  or  pnrtials 
which  enter  into  notes  and  det*<rniinc  the  quality  by  which  one 
iustrument  or  one  voice  dilFers  from  anothi^r.  In  other  words, 
every  tone  is  in  reality  compound,  being  com])osed  of  a  funda- 
mental tone  and  overtones.  These  vary  in  nuiulK-r  and  in  rela- 
tive strengtli  with  each  form  of  instrument  and  each  vutcu; 
and  it  \a  now  customary  to  explain  the  differences  in  quality  of 
voices  solely  in  this  way ;  and  this  is.  no  doubt,  correct  in  the 
main;  but  when  two  individuals,  using  successively  the  same 
violin,  play  a  scjile  nearly  equal  in  loudness  and  as  much  alike 
in  all  respects  as  possible,  are  we  to  explain  our  ability  to  dis- 
criminate when  the  one  or  the  other  may  be  playinR  (out  of 
our  sight)  solely  by  the  overtones  V  To  answer  thU  would  lead 
us  into  very  complex  considerations,  and  we  only  raise  tlie 
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qaestioB  to  kM>p  thv  mind  of  thu  studoat  o^ieo  to  now  or  poth 

sible  additiunsl  rovturs  in  tlu-  i-xplauation. 

What  are  tbe  mochant&niK  by  which  voice  is  produced  in 

man  ?    Observation  proves  that  the  following  are  et<8fntdal :  I. 

A  certain  amount  of  tenaion  of  the  vocal  cordB  (h^nds).    3.  A 

certttin  degi-ee  of  approxinrntion  of 
their  edges,  3.  An  expiratory  blast 
of  air. 

It  will  Th'  uot«d  that  those  are 
all  conditions  favorable  to  the  vi- 
brtition  of  the  vocal  bands.  The 
gn-att-r  the  tension  the  higher  Hie 
pitch ;  and  the  more  occlndi-d  the 
glottic  orifice  the  more  effective* 
the  expiratory  blast  of  air. 

The  principle  on  which  the  vo- 
nal  bands  act  may  l»c  illustrated  in 
the  simplest  way  by  a  well-known 
toy,  con^ivt)  tig  of  an  elastic  bag  lied 
upon  n  hollow  stem  of  wood.  fw;ro«t» 
which  rubber  bands  ni'e  str^tchcnl. 
and  the  vibration  of  which  cautse'l 
by  the  air  within  tlie  distendt-d 
bag  gives  rise  to  the  not«.  The  stu- 
dent who  would  really  understand 
the  mechanism  of  voice- product  ion 
in  man,  should  not  only  noquirv-a 
tliorough  knowledge  of  the  anato- 
my of  the  larynx,  enpecially  of  ita 
muMcIutt  ond  their  individual  ac- 
tion, but  by  means  of  the  laryngo* 
scope  become  familiar  witli  the  ap- 
peai-ancei<  of  the  glottis  and  adja- 
cent parts  during  phnnution.  The 
Iftttor  itt  not  dillicult,  and  nuto- 
Inryngoscopy   or  self-examination 

may  be  made  instructive  beyond  what  can  be  indicated  in  any 

text -book. 

In  order  to  acquire  a  knowledge  of  the  human  larynx,  we 

recommend  the  dissection  of  the  larynx  of  a  pig.  this  being 

more  like  the  organ  of  man  than  is  that  of  the  sheep  of  moat 

other  ariimnlR.     It  is  et^perially  important  to  recogniio  the  nn- 

ture,  extent,  nnd  effort  on  tlie  vocal  bniids  of  the  movomcnls  of 
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uTicnold  muwrfi ;  X  S.  <■  •ItiTrrrDt  fiui'lcnill  of  uT-IniinlJ  ■niiiu'Ji-  ^  A.  arylrmxiileliitUdittii 
iuukIf. 
fto  4i7.-I*l»rnlvI»wuf  Uirviihiuil  iiiuulaii«CtLT8ai'p(Ti  1,  binl>  nf  hy^iiil  bonoi  ^  r*nlc»l 
Hctl-iu  of  Ihyn'lil  i-nnilnui- :  :i.  txirlmiilal  MwUuu  ariliimlil  I'lrrlllaui'.  (iirliwl  <li>»iiaanl 
Va  tii'-'vi  riri<t»  ntrn'^Iimi-ni  lit  rni:n-uiyraH  nimcle:  j.  faj<^*t  ff  rlii<  rirrifn^Ulinn  ^if  nmnll 
ronui  I  if  lliiniJrl  i-nrllln£<-w"h  •jri><oli1  cnrtlUKV :  1.  fii.i-i  m^  cni-nld  lartllni;.' ;  ti,  iiu|«ni)r 

At'"''! Ill  "f  *'fii'<>ThT^ilil  uiox'l"'.  7,  ini*l*-rl'*r  <^«w-*rjii'riiil<I  ri^i^^'h-:  ■,  lAlfral  i^rioo- 

nni-  r..  I.I    .ii.^i'L'  1  y,  iiiyiif-Arytd^jtnid  riKjm'lr  :  I**,  nry^'-n-'hi  iiiu%*'}*-  p*"nifc't ;  tl-  n.rsu»u& 
i-|ilvl""i.li  111  iriiiH-lr  ;  li.  mklill><  ili^rL>  Jijiiiil  Ilk-iuiiTDl  :  IS,  Jnlrml  111) ru-lvolit  ll)^iiimt. 


the  arytenoid  cartilajies.  Tliese  are 
tical  axU,  (jiving  nun  to  an  inward 
and  outward  ninveiiiciit  <tf  I'ota* 
tion,  but  there  are  alwj  movonients 
of  less  extent  in  nil  directions.  It 
is  in  fnct  thniugh  thu  muvemcnts 
of  thvso  cartila^'S  to  which  tlio 
vocitl  bands  are  attached  posteri- 
orly, that  most  of  the  important 
chmige^  in  the  tension,  approxi- 
mation^  etc.  of  the  latter  are  pro- 
dm-ed.  The  hingaarn  (obe  rfyarddd 
as  the  bellows  funiisbinif  the  necps- 
»ar>'  wind-power  to  sot  tho  vocal 
bauds  vibrating,  whilo  the  larynx 
haa  respiratory  as  woll  a;*  voral 
functions,  as  ]in»  bt-on  aln-iiidy 
learned.  Assuming  that  tho  ittti- 
dent  has  a  good  kuowledgu  of  the 
11 


most  marked  arcuntl  a  ver- 
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^ewml  anatomy  of 
tht*  larynx,  wd  call 
attention  brietly  to 
the  following : 

Widening  of  the 
gloUia  is  effeotwi  by 
the  crico  -  art/letioi' 
deua  posfieua  (xill* 
iDgoutn'iirtl  lliu  pro- 
ccmuH  voraiis  ui-  at- 
tarlini^t  posterior- 
ly of  the  vocal  band, 
and  a  similar  effect 
18  produced  by  the 
arytenoi<U'U9  ponii- 
rii«  acting  hIoiio. 

yarrowitig  of  the 
gloUis  U  accuni- 
plisbed  l»y  tli«  crieo- 
aryle^noideua  later- 
alia,  and  the  follow- 
ing when  acting 
either  singly  fexcicjvt 
tho  artflrnoiittuif 
IKurtieuM),  or  in  coii- 
oort,  as  the  8i>hinc- 
ter  of  tbu  larynx, 
viz.,  the  fhyro-aryl- 
enoideue  ej^lertius, 
ihyro  ■  nryienoideus 
intfnius,  thi/ro-ary- 
epiylotliciis,  aryte* 
Hoideua  poalicua. 

Tension  ofihei\>- 
eal  hallos  is  bi-niight 
alinut  by  tliesphiar- 
t«r  group,  and  esi>e- 
ctaUy  l>y  thi'  exter- 
nal ami  iatcnml  tliy- 
ro  -  arylcnuid  niuji- 
clea. 

"Stm  Supply. — 
The  aujjfrior  iaryn- 
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contains  tlie  motor  fibers  for  the  crico.tl)>Toid  (ponRibly 
also  thi<  urytunuiileuB  poaticuB)  and  aUo  eupjilion  tlie  miicoiuj 
membrane.  The  inferior  laryngeal  supphus  all  the  other  rnus- 
clea.  While  both  of  these  nerves  nro  derivwl  from  tho  vii^is, 
their  fibers  really  ItelonK  to  thf  s]iiniil  i«co»8ory.  It  is  worthy 
of  note  that  the  entire  jfronji  of  inuwlos  iimltiiiK  up  (In-  spliiac- 
t«r  of  tbe  larynx  is  contmcted  whun  tho  inforior  laryugeul  is 
stimulntod. 

Abovo  the  tnu>  vonvl  bunds  Ho  the  so-called  false  vocal 
bands  (cords)  which  taJtu  no  essential  part  in  voice-prodnction. 
Botwean  the«e  two  pairs  of  bando  are  tlje  ventricles  of  Aforgagni, 
which,  as  well  as  the  adjacent  parts,  secrete  mncun  and  allow 
of  the  movements  of  both  8et»  of  bands  and  in  bo  far  only  as- 
flist  in  phonation. 

"What  is  tho  nntnre  of  tho  norvons  connections  by  which 
tho  inusctilar  niovomcnts  nwvssary  for  vuico-prrxluction  is  ac- 
coniplishM.  Thoy  nro  CL'rtainly  nioru  cuiupli<x  in  nature,  at 
least  in  all  thuir  hif^hiMt  manift-stutious,  than  miKht  at  tii-et 
a]ipear. 

Volition  is  unquestionably  the  atartinn-point,  hut  the  result 
is  modiliod  by  a  great  variety  of  afferent  impulses,  including 
those  from  tho  larynx  and  siipra-laryngeal  cavities,  the  thorax, 
lungs,  oven  tho  oai*.  and  jKmsihly  the  eye.  Muscular  co-oi-dina- 
tioiis  of  tho  niiist  dulicato  kind  must  bo  effi-ctod,  seeing  tho  flno 
sliados  in  pitch  and  quality  which  a  fir«t-rato  singer  can  pro- 
duce^ 

To  watch,  with  the  laryngoscope,  those  changes  in  tho  vocal 
bamis  alone,  gives  one  an  idea  of  the  complexity  and  perfection 
of  such  adjustments  which  no  verbal  description  can  convey. 
it  is  impossible  for  a  deaf  man,  or  one  defective  in  sensibility 
in  tho  regions  coucenit;il  in  phonnlion,  to  produce  good  musical 
tonoik  No  doubt  onu  bom  blind,  and  without  those  stored 
oxperionctw  derivwl  from  coimtlejis  pictun^-it,  can  but  very  im- 
jwrfeclly  make  uilsptations  in  singing  dopendont  on  such  ex> 
perience;  and  one  has  only  to  hear  deaf-niutcM,  who  liavo 
learned  to  speak  frr}m  imitation  of  Uie  s))eech-movomuuli4  of 
normal  |>ersons,  to  hwonie  convinced  of  how  important  a  part 
the  ear  plays  in  vocalization.  The  efforts  of  such  persons  niiir- 
ly  always  seem  to  he  out  of  harmony  with  the  surroundings. 

There  are  many  subjects  connecteil  with  tlie  jiroiluction  of 

the  singing-voice  osiweially  which  havo  boon  matters  of  ani- 

mntod  oontrovorsy.  chiefly  K'causo  invostigatoi-s  have  restricted 

LtJieir  obsun'ntiouii  to  un  unduly  limitod  range  of  facts. 
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The  wholo  of  the  fliipra-IaryoKeal  cavitiPB,  the  trncIu-A  one 
bruiiL-tiiul  tubi's,  iiiiiy  \»-  i-cKftvdpil  as  rf^i>iiaiir<vcIiaiiil»iTs,  tlm 
formor  of  which  are  of  the  most  iniiMii-tjuirf,  su>  fur  ok  tho 
quality  of  tho  voice  is  concerned.  Thoiv  .si-(.mii8  to  be  littlw 
<1oQbt  that  thwy  havti  miicli  to  do  with  (iKtvnnininj;  Ihu  differ- 
enves  by  which  ouv  individual's  vuico  ikt  ihu  saniu  ]tK<.-h  ditTci-ii 
from  another;  nor  is  the  view  that  ihoy  may  have  a  slight  in- 
fiuonce  on  the  pitch  of  the  voice,  or  even  its  intensity,  to  be 
igDorcxi 

Th«  t-'piglottis,  in  »o  far  as  it  has  any  effect,  in  all  prol>ubility 
modifies  th«  voice  in  tho  direction  of  ()»ality, 

The  ranyu  of  any  on«  voicu  iii  pitch  w,  of  course,  much  less 
than  what  may  bt-  tfrmocl  thu  human  vocal  limit — i,  e.,  the 
range  of  the  deepest,  the  ititviniudiatti,  and  tho  highest  voices 
combined. 

The  following  graphic  representation  will  serve  a  good  pur* 
pose.  It  will  be  observed  tlmt  the  extreme  liiniln  are  tono8  of 
about  eighty  and  one  thousand  vibrations  per  second,  resptMjU 
ively. 

i Sopnuia. 
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Tlhratloiw  uuwrriiis  x*  Uu^  vuiiimih  oI  tscli.    Tlie  Ilmlu  bere  indlwivil  an.  of  onws,  dm 

•laoLuLe. 


The  fiegisten  and  the  FU«etto-TolM. — Among  points  most  dis- 
puted even  yet  are  the  ri-giriters  and  the  fnlsntto- voice.  The 
subject  of  registers  turns  ujwn  the  answer  to  the  question, 
What  is  the  natural  niothnd  of  pnxlucing  tones  ?  All  a^lmit 
that  they  may  bo  sung  with  difforvnl  vocal  mechanisms,  so  to 
speak — i,  c  that  differuut  persons,  as  a  matter  of  fact,  do  not 
co.4jrdinalp  the  various  parts  of  the  larynx  in  quite  the  same 
way.  In  attempting  to  wi-ttle  a  qnestion  of  thi.s  rharact^T  a 
good  deal  of  difference  in  individuality  must  bo  allowed  for; 
luid,  given  equally  effective  results,  viewed  artistically,  ttiat 
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may  lie  considered  a»  the  natural  aiuthod  of  singing  a  certain 
range  of  notes  which  leads  to  the  least  expenditure  uf  energy; 
and  certain  rules  may  lie  laid  down  for  the  average  man,  with, 
however,  a  good  deal  of  latitude  for  special  eases,  ag  w«  have 
said.    But  cortaioly  any  method  that  disorders  tho  Isr^'ux  or 
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the  general  health  can  not  be  correct.  Hence  clinical  and 
pathological  observations  become  of  great  importance.  One 
of  the  ooramouoxt  faults  consists  in  persons,  whose  laryngeal 
nicchnni^m  doea  nut  permit  of  the  nocps.'iary  changes  n-ithin 
the  power  of  thotie  spi'ciully  endowi-d,  ucing  a  method  of  voice- 
production  for  higher  tones,  which  is  nwlly,  in  their  case  at 
least,  adapted  only  to  lower  ones,  hence  straining,  cougestiuns, 
fatigue,  catarrh,  ami  a  host  of  attendant  evils. 

It  does  not  come  within  onr  province  to  treat  of  the  artistic 
side  of  the  question ;  but  we  may  point  out  that  nearly  all  the 
compoi^itions  of  tho  groatost  masters  of  niu«ic  are  written  with- 
in  a  conipantlively  .small  range  of  notes;  and  when  it  is  remem- 
bered that  these  are  such  as  arc  most  heanl  in  the  intei-conrse 
of  daily  lif«  by  tliu  speaking- voice,  or  at  least  do  not  depart 
widely  from  tliem.  wo  may  understand  how  it  is  that  such 
music  lias  ever  sUrrt«d,  and  does  still  appeal  to.  the  heart  (and 
car)  of  man  so  genurally.  alike  in  the  cultivated  and  iiiiculli- 
vattid. 

Attempts  have  been  made  to  explain  the  falsetio'Voice  by 
the  action  of  the  vocal  bands  alone ;  but  any  one  who  will  com- 
pare his  sensations,  his  con-sciousness  of  altered  muscular  ar- 
rangement, and  consequent  change<l  relative  position  of  parts 
in   the  Biiprn-laryngeal   cavities,  even  witliout  tin-  use  of  a 

yugo34:ope  at  all,  can  not  fail  to  porcuivo  tbat  tlie  vocal 
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banda  are  not  aloiio  tn  l>o  Inkcii  iutu  account.    But  there  coa 
be  no  question  of  a  very  grijat  ilifTurenco  in  tlie  IwtL&viur  of  tlia 


Tio.  tu. 


Fill.  «fi. 


no.  1st.— lArTDEowoiili.'  rlFW  "f  ihr  xlnltli  (liirlnji  pmiolm  -if  hlirii-plIchM  iii->Ii«  iLf  BenI, 

bclmii  Utb'  vm«l  ifinl*  ,  u,  nrjiimiKi.lL'ltitrlrJriin  folilt .  lo,  e«rilln*f  -A  tUiiturliii ;  II. 
runtttform  i-«Hlla4tv:  111,  lui-i'dui  ii<«l  mnix;  t^.  lufvrinr  vouul  tvinJiKbauiili), 
rio.  «Cl  -  UMtli  u  aMiD  by  larrnKcMCulW  iluriD);  [•ruducUoo  <iif  cbc«l^uin<  wniv  Mandl  bdJ 
QraunKTi. 

vucal  bands  iu  the  production  of  tliu  faUotto  as  compared  with 
tho  cheat  voice. 

As  has  been  &u)?ge»itvd,  in  the  higher  tones  of  the  falsetlu, 
the  vocal  bainltt  are  shurtenud  und  come  together  poetf  riorly,  nt 
all  events;  and  this  may  bo  produced  largely  hytJieactiiiii  of  the 
thyro-arytennideus  intemus,  and  possibly  several  otlier  mus- 
cles. There  is  little  doubt  that  the  whole  breadth  of  tho  bttnds 
does  not  share  in  the  vibrations.  In  many  of  its  featun-*,  tho 
high  falsetto  of  the  male  voice  is  allied  in  product iuii  to  the 
head-volw  of  femtilas  in  which  only  tho  central  parts  of  the 
bauds  seem,  in  the  highest  riott-s,  to  be  involved. 

In  nearly  all  previous  consideriitiuns  of  this  topic,  it  seems 
to  UB  that  insufficient  attuntit>n  has  been  jiaid  to  the  method  of 
applying  the  blast  of  air  by  the  lungs.  The  great  importance 
of  this  in  playing  wind-instruments  is  practically  recoguized, 
yet  iu  our  own  wind-in^trumetit.  the  most  i>erfect  of  all,  it  luis 
rocoivod  too  little  practical,  and  still  lt«s  theoretical,  atteutioiL 

FathologicaL— The  results  of  tbo  paralysis  of  the  several 
musi-l<.'.<  uf  the  larynx,  of  the  soft  palate,  etc.,  throw  a  c«rtain 
amount  of  light  u)>oii  this  subject;  it  is  not  to  be  forgotten, 
however,  that  in  this  instance,  us  in  others,  the  usual  (normal) 
mechanism  may  be*  obscured  through  adaptations  by  unusual 
methods,  so  that  the  K-st  is  made  of  a  bad  case : 

I.  When  the  widening  of  the  glottis  can  not  take  placo.  and 
the  glottic  opening  assumes  the  en<iaveric  |>osit)on.  owing  t*i  pa- 
ralysis of  the  crico-arytenoidei  pnstici,  there  may  W'  <lyHpu<ea. 
S.  Paralysis  of  tlii)  aryierioidiftis  Intnaversttt,  in  cunsuquence  of 
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wliicli  tli«  glottic  opoaing  I'ttn  not  be  euffici^atly  oarroved, 
(t]low8  of  uudiiu  (isc-u{H<  uf  air,  rikI  ^vos  ruM  to  feeblenetis  ant] 
barshnosi;  of  thw  voiou.  3.  There  may  be  almost  i-omplttw  lo^ 
of  voice  from  i»ariilysi8  of  bolh  thjTo-arytenoid  niuBcIe».  4. 
When  the  crico-tliyroid  muscles  are  pjinilyzed,  owing  to  Im- 
perfect tension  of  tbe  vocal  bands,  the  viii<re  may  biH'xtwo  lower 
pitchEHl  and  luirah.  Any  form  of  pai-iilysis  nf  tlie  vocal  bands 
itliould  arrv!<t  attention  nml  Jonul  tu  a  cnrL-ful  examination  of  the 
chi-tft  for  anvuri»im,  etc.,  and  to  gvnvral  inquiry,  for  even  the 
bruin  may  bu  involvwl. 

TbL'  important!  of  the  muiii.'](!!>,  by  which  the  larynx  is  raised 
and  steadiud,  muiit  not  be  overlooked.  In  profetitiional  mingors 
from  constant  prat'tice  they  oft«n  become  greatly  enlai-gL-d. 
We  may  here  remark  upon  the  value  of  siniiinR  wlien  imt 
pushed  to  the  verge  of  fatigue,  when  fi-ee  fi-om  straining,  and 
in  a  pure  atmoRphere,  as  a  healthful  exercise,  the  wholo  of 
which  doeo  not  consist  in  the  good  arising  from  the  use  of  tho 
clifnl.  larynx,  etc.,  or  ihta  ailditinnal  amount  of  oxygen  respired, 
but  also  from  complicated  and  ilUundersttHxl  nervous  effects. 

At  puburty,  in  both  sexes,  the  biryiix  shares  in  those  obunges 
of  relative  and  a)HU>lute  b'izu  which  the  body  then  experiences 
80  generally.  The  thickening  from  excess  of  blo(Hl  and  nerv- 
ous energy  produces,  especially  in  youtha,  a  barsb  voice,  which 
is,  in  this  instance,  as  in  all  uthem,  an  indication  of  the  need 
of  rest  of  the  parts.  To  sing  under  such  circumstanceH  is,  of 
course,  liable  to  induce  permanent  injury  in  the  form  of  weak- 
ness or  harshness  of  voice ;  but  once  this  period  is  passed,  regu- 
liir  vocal  gymnasticH  may  he  of  great  service  in  perfecting  an 
organ  iinrivnlod  as  a  musical  instrument,  and  by  means  of 
which  man  is  raised  through  the  endowment  of  speech  vastly 
above  all  other  animals. 

The  subject  of  voice  production  and  voice  prt'servation  ia 
(me  of  the  utmost  importance  in  education,  though  it  receives 
comparatively  little  attention.  The  public  tast«  for  high- 
pitched  vocalization  does  unquestionably  tend  to  ruin  voices, 
and  is  alike  opposed  to  artistic  and  physiological  principles. 
While  a  few  may  reaidi  the  pre8crit>e<i  standard  of  the  public 
taste,  the  many  fail  in  the  attempt. 

OomparatlTe Much  more  is  known  of  the  sounds  enmnating 

from  the  i'iw..-r  animals  than  of  the  mechanisms  by  which  they 
are  produced.  This  applies. of  course,  e.ipecially  to  such  wninds 
as  are  not  produced  by  external  parts  of  the  body,  it  being 
very  diAicult  to  iuvoBtigato  thoso  experimentally  or  to  observe 
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tho  nnlinnl  closely  enough  'when  produotng  tho  various  vocnl 
bfl»cte  imturally. 

All  uf  our  (loiui.-iitR'  111 II  mm  111  14  liiivu  vocnl  bniuli;  nml  ii  liir^'ux. 
iiot  as  vridi^y  ditTiTKUt  (rtmx  tliul  of  man  bo  mi^lil  bo  suppoiWHl 
from  thw  fwoblw  rmigL'  of  tholr  vocxil  powcra. 

The  actual  Whavior  of  tlit-  vouiil  hands  haa  been  atu<lii»«I 
experi  men  tally  in  the  dog  when  Rrowling,  barking,  ttc.  And, 
so  fnr  as  it  goet*,  this  mechaniom  of  voire  jirodiiction  is  not 
ii)ii<)}ut iully  diffei-put  fi-oiij  that  of  man.  Growling  is  tho  roxult 
of  tho  functional  m-iivity  of  the  vocal  im-chaiiiam,  not  unlike 
that  of  tuaii  whon  siiiging  n  1»u;i<  iioti- ;  hiirkiiig,  of  that  (iiialu- 
gous  to  I'oughtng  or  laughiug,  when  tho  voctil  haiuU  are  rapidly 
approximatLti  and  t^oparatccl. 

The  gruiiiiiig  of  hugs  and  tho  lowing  and  hawliiig  of  Lornwl 
oattlo  is  jirohably  wry  similar  in  production,  »o  far  an  the 
larynx  ia  concerned,  to  the  above.  The  cat  has  phiinly  very 
great  command  over  the  larynx,  and  can  produce  a  wide  ran, 
of  tones. 

The  quality  of  tho  %'oice  of  mont  animals  appears  hnr»h  to 
our  ears,  lowing  pailmbly  to  a  great  preponderance  of  over^totiOit, 
in  cons(?quem:t  uf  an  imiwrfect  and  unt^rjual  tension  of  the  vocal 

bands;  but  the  influence  of  the  »u- 
pradaryugoal  cavities,  often  very 
largo,  must  also  bo  taken  into  ac- 
counts 

In  certain  of  the  primates,  and 

[  ■■cially  in  the  bowling  monkeys. 

iiiFRe  cheek-pouchee  can  lie  iiiQat«d 

with  air  fi-om  tho  larj'nx,  ami  so  add 

to  the  intensity  of  the  nolo  produced 

by  the  vocal  bandx  that  their  voice 

may  be  heard  for  milesi.     Sonn^birds 

r»,  *lK-i»i™r  tarrnx  < v»")  "t   P'oducB  their  notes,  as  may  be  soen, 

SSIS'^JS;'^"'^,^^  f,im"^   by  external  movements  !..«■  down  at 

K^.:U-,"nr'i';:«''K"!  'he   bifurcation  of  tho  trnchoa  (ay. 

?«r™«"a.^"'rr,'''rii«   nnx).    TIio  notes  are  owing  to  the 

T::',^7i4  ;;':i;'^:;:;";a.'p^''-  vibmtiou  of  two  foid«  of  the  mucus 

ot'^hi'!"  '"*''  "'  '"f"'™"''"  membrane,  which  project  into  each 

bronchus,  and  are  regulated  in  their 
movements  by  muscles,  tho  bronchial  rings  in  this  reginu  Ituing 
correaiMindingly  modifiwl, 

A  large  number  of  species  of  Ji-vhes  produce  soundM  and  in 
a  variety  of  ways,  in  which  the  air-bladder,  stomach,  intestines. 
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etc.,  toko  iJi»rt.  M<»8t  rrptitrit  are  voiceless,  iu  the  proiwr  seiiEte, 
tlioiigh  tlR-ri'  ftru  ivvi  tliut  nut  not  produce  a  »oi't  uf  tiiBxin^ 
suuml.  aiiiM)(i  by  Uiu  furcilili^  emission  or  air  through  the  up{iiT 
ruspirulury  puKKugui;. 

Fru^'i4, 118  \s  wull  kuown,  pro<liico  imunds  of  greaX  vurioty  ia 
pitch,  ijUHlity,  fiiid  intensity.  »umi>  spi'cies  crotikiiig  ao  tut  tu  bu 
heard  at  the  distance  of  at  leaitt  a 
nii]&  It  i»  a  matter  of  easy  ob- 
aervAtion  that  when  frogs  croak 
the  capni:ity  of  the  mouth  cavity 
is  greatly  innviisi-d,  owing  to  din- 
tontion  of  rv.sitniitirig  sacs  situated 
at  Oftch  angki  of  tho  jaws.  When 
tree-frogs  croak,  thuir  throats  are 
greatly  distended,  apparently  in 
succossivo  waves.  But  it  is  among 
iliHOcl.s  iJial  the  grciatost  variety 
of  mt'thods  of  producing  sounds  is 
found. 

In  bep8  and  flit^s  soundfl  are 
cautted  by  the  vibration  of  mus- 
cular it>eds  placed  in  the  stigmata 
orojR'nings  of  their  tracheal  tubes, 
also  by  the  extremely  rapid  vibra- 
tion of  thuir  wings.  The  death- 
hiiad  moth  is  said  to  forrt-  air  from 
its  auckiug  stomach,  and  thus  give 
rise  to  a  sound  in  the  same  way 
as  certain  tithes. 

In  the  grasshop])er  a  noise  is 
produced  by  rubbing  its  rough 
legs  against  the  wing-cases,  and  in  allied  forms  (locusts)  by 
moving  the  wing-cases  against  one  another ;  and  in  other  gi'oups 
different  parts  of  the  body  are  brought  into  mutual  contact  or 
rubbed  or  struck  against  foreign  bodies. 


Tut.  «7.-piinlonof  tradi.'ii  .ir  alriiiliv 

of   B  a»>rnillar  lufu-r  ili-criiljiiiirf, 

nin-l-1,     Tlw  nlMuhm  iii  invi-u  nre 

voawU  of  uuiiiiiiiiU.  tviirmC"  rri-ry 
part  ot  Iba  builj. 


SPEErH. 


It  may  bo  noticed  that  the  differences  of  voices,  by  which 
wv  are  enabled  to  discriminate  between  individuals,  are  much 
more  marked  during  speaking  than  singing.  This  is  owing  to 
greater  promint'ncu  of  over-tones  in  the  speaking  voice,  aa  may 
be  rawlily  ^shown, 
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If  a  Beries  of  tuning-forks  be  helil  before  the  open  month, 
it  will  lie  found  tlmt  but  one  position  of  the  bucral  cavity  Hiul 
its  contents  answers  to  a  certjiin  note,  but  that  wii**n  this  is 
ilKSumed  it  acts  aa  a  resonance-chamber;  thus,  for  a  taning- 
fork  sounding  A,  when  the  cavity  t»kes  the  nhajke  necessary 
to  simnd  (sjwnk)  that  note,  the  tone  pro.hict'il  I>j'  llie  fork  ii 
^1-eatly  augiut-'ntfd  viwn  tht?  Intter  is  held  lK.-f<>n>  ihe  niuutb. 
It  has  thus  bueu  L-8tiiaat«<l  that  the  fundamental  toucs  of  the 
vowel  cavity  are  thwto:  U  =  b.  O  =  V,  A  =  b'",  I  =  b"".  If  the 
vowels  of  this  series  be  whispered,  their  pit«h  rises,  Wliihpei^ 
iriK  may  be  temifd  s]tet'fh  without  voice — i  a,  the  vocal  bandft 
do  not  \ibrate.  but  the  total  effect  is  produced  by  the  blnatof 
ftir  acting  through  the  supra- Uu'yngenl  parts  ns  a  neomuM 
ctivity. 

Now.  if  it  be  true  that  there  is  but  one  position  of  the  Ruprft- 
laryngeal  cavitie«  that  will  ^vo  a  pur©  vowel-«ound,  and  this 
Bound  corresponds  in  pilch  to  a  certain  note  of  the  scale,  it 
eeems  to  us  thai  the  L-onclusiun  that  the  pitch  of  the  voice,  a» 
well  aa  its  quality,  is  dependent  to  some  extent  upon  those  puts 
as  well  as  the  vocal  bandsL  Such  a  view  i»,  however,  nut  that 
genonilly  taught.  Every  singer  knows  that  it  is  inip<>»)ible  to 
produce  certain  vowel-sounds  pure  with  notes  of  a  certain  pitch. 
Usually,  when  the  nasal  cavity  is  shut  off  posteriorly  by  the 
soft  palate,  or  stopped  anteriorly  by  closing  tlie  noslriis.  a 
change  in  quality  of  the  vowel-fwunds,  chnracterixed  as  nsMil, 
is  produced :  but,  aa  illustrating  well  thai  the  organism  has 
more  ways  than  one  of  accomplishing  the  larger  part  if  not  all 
its  ends,  hy  effort,  and  especiitlly  by  practice,  the  vowels  may 
be  sounded  nearly  as  well  as  umial  under  these  unfavorabj* 
conditions. 

Consonant!. — The  sounds  produced  by  the  vocal  bnniUmay 
he  niodilii'd  by  interruption  in  their  formation  or  otherwitt, 
though  it  is  plain,  from  what  has  been  said,  that  the  form  of 
the  mouth,  etc.,  can  not  he  ignored  in  any  form  of  vocaltsatioiL 

According  to  the  parts  of  the  supm-Iaryngi-al  cjivitiiiH  con- 
cerned in  the  motiification  referred  to,  nmy  we  have  the  batfif 
of  a  physiological  cla-ssirication  of  the  consonants,  though  it  u 
obvious  that  they  may  be  dealt  with  on  wholly  different  prin- 
Ciplea.  By  the  tlr^t  nielhtvl.  which  alone  chiefly  concerns  us, 
wo  hftve  A  <Uvision  into  labiah.  ihnhih,  and  guttural*,  accordin)[ 
M  the  lips,  teeth,  or  soft  palate  and  pharynx  are  cbietly  con- 
cerned. Of  course,  several  jwirts  are  involved  in  all  sound-pnv 
duction,  and  we  recommend  the  student  to  resort  to  the  form*- 
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geeU  conlnins  the  motor  Rbors  for  tlio  crico-tliyroid  (poesibly 
also  thi^i  iirj'tciioidoiM  poitlicus)  aittl  ulso  8upp1iL>s  ilic  mucous 
mi'iiibrmn'.  Tho  inferior  laryriyeai  supplieH  all  the  otlier  niiLi- 
clos.  Wliiiu  bulb  of  tlu'su  ni-'rvm  are  dcrivett  from  the  vaRiii*. 
their  fibers  roally  Iw-long  to  the  spinal  accessory.  It  is  worthy 
of  note  that  the  t-ntire  jjroup  of  mnscles  making  up  the  sphinc- 
ter of  the  larynx  is  contracted  when  the  inferior  larj-njjgjU  is 
Btimul»t«cl. 

Alwre  the  true  vocnl  bands  lie  tlie  so*(rftllcd  false  vocul 
bnnds  (cord:^)  which  take  no  essential  part  In  voi(.i--]ir<Klii(;tiou. 
Between  these  two  jmirs  of  bandi;  nro  tiio  veniridea  ofMorgagni, 
wldoh,  HD  well  as  the  ndjat-fnt  itnrts,  gecrete  mucus  and  allow 
of  the  movements  of  both  svta  of  bands  uud  in  so  far  uuly  as- 
sist in  phonation. 

What  is  the  nature  of  the  nervous  connections  by  which 
the  muscular  movements  necessary  for  voice-production  is  ac- 
coniplishetl.  They  are  certainly  more  complex  in  nature,  at 
least  in  all  their  highest  manifcstatioos,  than  might  at  flrst 
appear. 

Volition  i«  unquestionably  Ihe  starting- point,  but  the  result 
is  modified  by  a  great  variety  of  ufFerent  iiiipulm^^,  including 
those  from  the  larynx  and  supra-luryngeal  cuvitius,  the  thorax, 
luni?s,  even  the  ear,  and  possibly  the  eye.  Muscular  co-ordina- 
tions of  the  most  delicate  kind  must  be  effected,  seeing  the  line 
shades  in  pitch  and  quality  which  a  first-rate  singer  can  pro- 
duce. 

To  watch,  with  tlie  laryngoseopp.  these  chaniitea  in  the  vocal 
bands  alone,  give*  one  an  idea  of  the  citniplexity  and  perfection 
of  such  adjustments  which  no  verbal  description  I'Oii  convey. 
It  is  impossible  for  a  deaf  man,  or  one  defective  in  sensibility 
in  the  ref^ons  concerned  In  phonation,  to  produce  good  niutiical 
tones.  No  doubt  one  born  blind,  and  without  those  stored 
exiwrieuees  dorive<l  from  countleiw  pictures,  can  but  very  Im- 
perf>rctly  make  adaplAtioiis  in  singing  dejiendent  on  such  ex- 
I<erience;  and  one  has  only  to  hear  ileftf-niutes,  who  have 
learned  lo  ri]ieak  from  imitation  of  the  speech-movements  of 
normal  |k.tsous,  to  become  Convinced  of  how  important  a  jiart 
the  ear  plays  in  vocalization.  Tlie  efforts  of  such  pormns  neiir- 
ly  always  seem  to  be  out  of  harmony  with  the  surround iiigs. 

There  are  many  subjects  comieeted  with  (he  jjroihu^t ion  of 
the  singing-voice  especially  which  have  been  matters  of  aiii- 
inalwl  controversy,  chiefly  becjnise  investigators  have  restricted 
thfir  observations  tv  an  unduly  limited  range  ot  facts. 
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The  whole  of  the  Rnpra-laryngea]  cavities,  tho  trachoa ; 
lironchial  tiilws,  luiiy  1«»  n'giirdod  ivs  rc)KiiiHiicc*-chanil>(>rs,  tlie 
former  of  whii'h  an)  <>i  the  must  imiHTtuucv,  so  far  as  tlio 
quality  of  Ibo  voice  is  concernuj.  Tlii-re  seems  to  be  little 
doubt  that  thoy  havt«  much  to  do  with  det«rminiiiK  the  dilTiT- 
eiioPB  by  whifb  om-  individuiil'8  \-oifL>  at  the  i>aine  pitch  dilTiTS 
from  another;  nor  is  the  view  that  they  may  have  a  slight  in- 
fluence on  the  pitch  of  tlie  voice,  or  even  it«  intensity,  to  be 
igiioR'd. 

Tlii>  i-piglotiis,  in  80  far  as  it  has  any  effect,  in  all  probability 
modifi(.-£  the  voice  in  the  dirttction  of  i|unlity. 

The  ran^  uf  any  uue  voice  in  pitch  is,  «f  cours*',  much  k«8 
than  wlint  nmy  bu  Iftnied  thu  human  vocal  limit — i.  e,,  tho 
range  of  the  (Icopest,  the  intermediate,  aud  the  highest  voicos 
combined. 

The  following  graphic  repr^RentatioD  will  8er\'o  n  good  pur- 
pose. It  will  be  ohservwl  that  the  oxtronio  Iiiinlfi  are  tones  of 
about  eighty  and  one  thousand  Wbrations  per  secomi,  rospeci- 
ively, 
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The  Segiiten  uid  the  Palietto- Voice.— Among  pointa  most  dis- 
putwl  even  yet  arv  thu  rLgi!slL-r.s  iiiiil  thi-  fat Hettu- voice.  The 
subject  of  registers  turns  uiHtn  thu  answer  to  lliv  question, 
What  is  the  natural  mt-thotl  of  producing  tones  ?  All  admit 
that  they  may  be  sung  with  difl'erent  vocal  mechanisms,  so  to 
speak — i.  e..  that  dilFensnt  jwreons,  as  a  matter  of  fact,  do  not 
eo-ordiniile  tin-  various  parts  of  the  larynx  in  qiuto  tho  >inm« 
way.  In  atli-mpting  to  settle  a  question  of  this  character  a 
good  dual  of  difference  in  individuality  must  be  allowe<)  for; 
and.  given  equally  effeetive  results,  vjt-wud  artistically,  that 
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may  be  oonHiderad  as  tLe  uutiiml  nioilitHl  of  sint^'mg  a  L-ertaiti 
range  of  notes  which  leadu  to  thi'  lymrt  vxiH-'mUturu  of  Bn«rgy; 
and  certain  rules  may  be  liiiil  <]owii  for  tho  uvorngf  man,  with, 
however,  a  good  deal  of  latitude  for  special  cases,  as  w«  tiave 
said.    But  oortaiuly  any  method  that  disorders  thr-  larynx  or 
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the  general  health  can  not  Iw  corroct.  Heneo  i-liiiical  and 
pathological  observations  hucoine  of  great  import»nc«.  One 
of  the  commonost  faults  connists  in  persons,  whose  laryngeal 
mechanism  docs  not  permit  of  the  necessary  changes  within 
tha  power  v(  thoMO  speciwlly  eiidowwl,  uwiiig  a  method  of  voice- 
production  for  higher  tones,  which  is  nmlly,  in  their  case  nt 
least,  winpterl  unly  to  lower  oncx,  hence  ittrnining,  congestions, 
fatigue,  catarrh,  and  a  host  of  attendant  evils. 

It  does  not  come  within  our  proviuL-e  to  treat  of  the  artistic 
side  of  the  question ;  but  we  may  point  out  that  nearly  all  the 
compositions  i)f  the  greatest  masters  of  music  are  written  with- 
in a  comparatively  small  range  of  notes ;  and  when  it  is  remera- 
here<l  that  these  are  such  as  are  most  heard  in  the  intercourse 
of  daily  life  hy  the  s[ieal<iiig-voico,  or  at  least  do  not  depart 
widely  from  them,  we  may  understand  how  it  is  that  such 
music  has  ever  stirred,  and  does  still  appeal  to.  the  heart  (and 
ear)  of  man  so  generally,  alike  in  the  ouUivaled  and  unculti- 
%-ated. 

Attempts  have  heou  made  to  explaia  the  falsetto-voice  hy 
the  action  of  the  vocal  bands  alone;  but  any  one  who  will  com- 
pare his  sensations,  his  consciousness  of  altered  muscular  ar- 
rangement, and  consequent  changed  relative  position  of  parts 
in  the  BUpr a- laryngeal  cavities,  even  without  the  use  of  a 
larjmgoscope  at  all,  can  not  fail  to  perceive  that  the  vocal 
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rocml  bMub  in  the  production  of  the  falsetto  as  compared  with 
tha  chest  Toice. 

As  haa  bwn  nggcated,  in  the  higher  tones  of  tfic-  fidsettn, 
the  Toca]  Immlj)  are  shortened  and  come  togtHher  po«tvnorly,  at 
all  CTeotx :  and  this  may  be  ptodnced  largely  by  theactit^u  of  the 
thyra-aiylenoideus  int«niiis,  and  posxiltly  several  other  mu»- 
olea.  There  i»  Httlo  doulft  that  th<.-  whole  brvodth  of  the  bantb 
doee  not  Bban*  iu  the  vibratjuns.  In  many  of  its  features,  the 
high  falsetto  of  the  male  voice  is  allied  in  pntdui-tion  to  the 
bead-vnice  of  females,  in  which  only  the  central  parts  of  the 
bai»U  seem,  in  the  highest  notes,  to  be  involved. 

In  nearly  all  previous  coosiderations  of  this  topic,  it  seems 
to  ns  that  insufficiPiit  attention  has  been  paid  to  the  method  of 
applying  the  blast  of  air  by  the  lungs.  The  grcAt  importance 
of  thin  in  playing  wi  ml  •instruments  is  prnrticuUy  rocoguized, 
yet  in  our  own  wiud-insirumeut,  the  mwtt  perfect  of  all,  it  has 
received  too  little  practical,  and  still  less  tlieoretical.  attention. 

Patholo^eaL — Thu  results  of  the  paralysis  of  the  seveml 
musck---*  <•(  the  larv'nx.  of  the  soft  palate,  etc.,  throw  a  certain 
amount  of  light  upon  this  subject;  it  is  not  to  he  forgotten, 
however,  that  in  this  instance,  as  in  others,  the  usual  (normal) 
mcchaii)8ni  may  be  obscured  through  a«lnptations  by  unusual 
muthodH,  »fi  that  the  best  is  made  of  a  Imd  case: 

1.  When  the  widening  of  the  glottis  can  not  take  place,  and 
the  glottic  opening  assumes  the  cadaveric  ]K)eition.  owing  to  pa- 
ralysis of  the  crieo-aryteuoidei  posliei,  there  may  lie  dyspmi-a. 
2,  Paralysis  of  the  arytenoideus  tmnaveraua,  in  consequence  of 
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which  the  glottic  opouing  cau  not  bo  xuflideDtly  narrowed, 
allows  of  undue  cscnpo  of  air.  iind  gives  riso  to  feebleness  and 
honhoeas  of  the  voice.  3,  Tberu  mny  ho  almost  comiiletc  losa 
of  voice  from  paralysis  of  both  thyro-aryteiioid  niuwcb'S.  4. 
When  the  crico-thyroid  musclra  are  paralyzed,  owing  to  im- 
perfect tension  of  the  vocnl  hands,  the  voice  may  bwonio  lowor 
pitchttl  aii<l  harsh.  Any  form  uf  {laralysis  i>f  the  vociil  handin 
shoithl  utTust  at1i.tntioii  »n<l  IuimI  Id  n  vureful  cxniriiuatiuii  uf  the 
chtvit  fur  Rnmirixm,ct<;.,  uiid  tu  guaoral  inquiry,  for  even  the 
bmin  mjiy  hu  involved. 

Thf  importaiiirn  of  the  muBc]i«,  by  which  the  larj'nx  is  raisecl 
and  sU-adJL'd,  must  not  be  overlooked.  lu  professional  singers 
from  constant  practice  they  often  become  greatly  enlarged. 
We  may  here  remark  upon  tlio  value  of  sintcinR  when  not 
pushetl  to  the  verse  of  I'atiyue,  when  free  from  straining,  and 
in  a  pure  atmosphere,  as  a  healthful  exercise,  the  whole  uf 
which  does  not  consist  in  the  Rood  arising  from  the  use  of  the 
chefU  larynx,  etc.  or  the  atlditional  amnnnt  of  oxygen  respired, 
but  aUri  from  compliruteil  and  ill-understood  iicrvou«  effoctB. 

At  puberty,  iu  both  hoxos,  tht.*  larynx  sharei^  in  those  changes 
of  relative  and  absolute  sizo  which  the  body  then  uxiK-riencee 
so  generally.  The  thickening  from  excess  of  blood  and  nerv- 
ous energj-  produces,  especially  in  youths,  a  harsh  voice,  which 
ifl>  in  this  instance,  aa  in  all  others,  an  indication  of  the  need 
of  rest  of  the  parts.  To  sing  under  such  circumstances  is,  of 
course,  liable  to  induce  permanent  injury  in  the  form  of  weak- 
nessor  harshness  of  voice;  but  once  this  perioil  is  passed, regu- 
l»r  vocal  gyninatttics  nmy  be  of  great  service  in  perfecting  an 
organ  unrivaled  im  a  mu-sical  instrument,  and  by  means  of 
which  man  is  raised  through  the  endowment  of  speech  vastly 
above  all  other  animals. 

The  subject  of  voice  proiluction  and  voice  proservatioo  is 
one  of  the  utmost  importance  iu  wlucation.  though  it  rucoivea 
comparatively  little  attention.  The  public  taste  for  high- 
pitched  vocalisEation  does  unquestionably  tend  to  ruin  voices, 
ami  ii«  alike  opposed  to  artistic  and  physiological  principles. 
While  a  few  may  reach  tlm  jirescribed  standard  of  the  public 
ta«te,  the  many  fail  in  the  attempt. 

Comparative. — Much  more  is  known  of  the  sounds  emanating 
from  the  luwcr  animals  than  of  the  mechanisms  by  which  they 
are  produced.  This  applies, of  course,e8pecially  to  such  sounds 
at)  are  not  produced  by  external  parts  of  the  body,  it  being 
very  difficult  to  invcstigatt'  these  experimentally  or  to  observe 
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tlio  nnimnl  closely  eiiou];h  wlicii  iirwluciug  tlio  various  vocnl 
effects  iiaturaUy. 

At]  of  our  (lonu^t  ic  inammrtU  liavo  vocal  Iwnds  unci  n  lur\-n3. 
not  an  widi-ly  4lifT>_'rL-iit  fr^ui  Unit  of  man  a«  might  hv  bupposiH) 
frum  the  fwblo  rnngo  of  tliuir  vooiil  powora. 

The  actual  behavior  of  tUo  vocal  bands  has  bpen  studied 
experinientaUy  in  the  dog  when  Ri-owling,  harking,  etc.  Ami, 
so  far  us  it  goes,  this  mechanism  of  voice  jtrodiictioii  is  not 
CTWentially  different  from  that  of  man.  Orowliug  is  the  result 
of  iho  functional  activity  of  the  vocal  mwhnnism,  not  unlilcu 
ihal  of  man  wh<.-ii  ninging  a  hnM  luitc ;  burking,  of  that  nnulo- 
guuK  lo  coughing  or  laughing,  wtien  the  vixul  biuids  are  rapidly 
upproximnlLHl  and  sepiiriiled. 

The  grunting  of  hogsnnd  the  lowing  and  bawling  of  liornMl 
cattle  in  probably  very  similar  in  production,  so  far  as  the 
larynx  is  concerned,  to  thu  above.  The  cat  has  plainly  very 
great  command  over  the  larynx,  and  can  produce  a  wide  range 
of  tones. 

The  quality  of  the  voice  of  most  animals  appears  harxh  to 
our  ears,  owing  probably  to  a  prciit  preponderance  of  over-tones, 
in  constrqueiicc  of  on  imperfect  and  unequal  tension  of  thu  vocal 

hands;  but  the  influonco  of  the  su- 
pra-laryngcal  cavities,  often  very 
largo.  iniiHt  also  ho  takou  into  ac* 
count. 

In  certain  of  the  primates,  and 
especially  in  the  howling  monkeys, 
large  cheek*pouches  can  be  infhitud 
with  air  from  the  lai^ns.  and  so  odd 
to  the  intensity  of  the  note  produced 
by  tho  v(x;al  bundu  that  their  voice 
may  bo  heard  for  miles.  Song-birds 
rio.  •»  ifl".T  tama  (\vn«i  ot  produce  their  notes,  as  may  be  sooi 
fSm"Sr"'T"SSi';'  f^'T."  by  external  movements  h.w  down; 

the  bifurcation  of  the  truchon  (ey* 
rinx).  The  notes  are  owing  Ui  the 
vibration  of  two  folds  of  (he  mucous 
membntnL-,  which  project  into  e»ch 
bronchus,  and  are  regulated  in  their 
movenientj?  by  muscles,  the  bronchial  rings  in  this  region  being 
correspondingly  modified, 

A  large  numljer  of  species  of  Jinbea  produce  sounds  and  iu 
a  variety  of  ways,  in  which  the  air-bladder,  stomach,  intestines. 
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etc.,  take  part.  Motit  rriiliies  ari>  voiculvsK,  in  tho  iiropur  setiH^.-, 
though  thur»  uru  few  tlint  viui  nut  pnxluco  a  i*oi't  of  bissirij; 
soun^,  caused  by  tho  forciblu  omie^iuu  of  air  througli  tho  uppur 
respiratory  passaffea 

Frojjs,  aa  is  whU  known,  jiruducy  itotmtlK  of  grvat  variuty  in 
]ii(<-h,  ({uality,  Htid  intensity.  Home  epfcivs  cruukiug  no  as  tu  be 
hvnrl  at  the  distance  of  at  least  a 
niile.  It  18  a  matter  of  ea^y  oh* 
8orvation  that  whixi  fro^  uroak 
tJio  capacity  of  lliu  mouth  cavity 
is  groatly  iucn-ustd,  owin^  ^  *^'>^ 
tention  of  re»onatu>g  «u.-s  situated 
at  each  ooglo  of  thy  jiiws.  WTifu 
tree-frogs  croak,  thi-ir  thrunt^  uru 
greatly  distunded,  apparently  in 
suocossivtf  wavuH.  But  it  is  among 
infiectx  that  tho  greatest  variety 
of  methods  of  producing  soundti  it> 
found. 

In  hci-s  ami  flii^s  80und»t  are 
caused  hy  tlii<  vihnitiuii  of  mus- 
cular TUK-di  plovvd  ill  thu  i«ti^mntii 
oropcnings  of  their  tracheul  tu))t>s, 
also  hy  tho  extremoly  rapid  vibra- 
tion of  their  wings.  The  death- 
head  moth  is  said  to  force  air  from 
its  sucking  stomach,  and  thus  give 
rise  to  a  sound  in  the  same  way 
as  certain  tishes. 

In  the  grasshopper  a  noise  is 
produced  by  rubbing  its  rough 
legs  against  the  wing-cases,  and  in  allied  forms  (locusts)  by 
moving  the  wing-casus  agikiusl  one  another ;  and  in  other  groups 
different  parts  of  the  body  are  brought  into  mutual  contact  or 
rubbed  or  struck  a^^ainst  furuigu  bodies. 


Fio.  4Rr.~P<irtinu  nr  lriirhi«  it  nir  lobe 
(If  B  cAitrnttlu-  4aTu^  (if^jE^nhaitrL 
n.  *p1UH-lMl-llliti  nTlliilnr  inyi-i' :  'i, 
niicM.  The  otr-iulm  lii  liuivu  am 
kciit  U|i  by  niiM  uhluiiiiiin  Uilan. 
lU  *n>n  aliMvi. ;  m  .1,  llkr  i|ii>  blool- 
*— ■L»ti[  iiinniomlii.  r>Tiirlnil«  Etvry 
panotihu  bully. 


Speech. 


It  may  t>e  noticed  that  the  differences  of  voices,  by  which 
we  are  enabled  to  discriminate  l)etween  individuals,  ai-e  much 
more  marked  during  speaking  than  singing.  This  is  owing  tu 
greater  prominence  of  over-tones  in  the  speaking  voice.as  may 
bo  readily  shown. 
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If  n  fieries  of  tuning-forks  !)<>  held  before  Ihe  open  nioutli, 
it  will  bo  found  that  but  one  jiosition  of  the  buccal  cnvily  nnd 
its  contents  answers  to  n  wrtnin  not«,  but  that  whi-n  this  is 
assuiiiud  it  acts  tut  a  resanunt-c-clinmber ;  thus,  for  a  tuning- 
fork  KOunditiK  A,  wlicn  the  cavity  tnkes  tho  shape  nei'e&sary 
to  sound  (sjHjftk)  thnt  note,  tliu  tone  produced  by  the  fork  is 
tfi'eatly  autfineuted  when  the  latter  is  held  bofuro  tliu  moatii. 
It  has  thus  been  eiitiniated  lluit  the  fundamental  tones  of  the 
vowel  cavity  are  thwse:  U  =  b,  O  =  b',  A  =  b'",  I  =  b"".  If  the 
vowels  of  this  series  be  whispered,  their  pitch  rises.  Whi»i»ei^ 
injf  may  be  termed  sjieech  nitlmut  voice — i.  e.,  the  vocal  bands 
jdo  not  vibrate,  but  the  total  effect  is  produced  by  the  bbiat  of 
ir  acting  thixuigh  the  supra-laryngeal  parts  an  a  r«*«onance 
'  cavity. 

Now,  if  it  be  true  thai  there  is  but  one  position  of  the  supra* 
laryngeal  cavities  thnt  will  give  a  pure  vowel-sound,  and  this 
sound  corresponds  in  pitcfi  to  a  certain  note  of  the  scale,  it 
seems  to  UB  that  the  condusiun  that  the  pitch  of  the  viiicu,  as 
well  as  its  quality,  is  dependent  to  some  extent  upon  these  parts 
as  well  us  the  vocal  l>ands.  Such  a  view  is.  however,  not  that 
geuernlly  tiLUgbt.  Every  singer  knows  thnt  tt  is  iropusKible  to 
produce  cvrtain  vowel-sounds  pure  with  tiutus  of  a  certain  pitch. 
Usually,  when  tho  nasal  cavity  is  shut  uS  posteriorly  by  the 
soft  palate,  or  Btop]>od  anteriorly  by  closing  the  nostrils,  a 
change  in  quaUty  of  the  vowel-sounds,  characterized  as  nasal, 
is  produced  :  but,  OS  illustrating  well  that  the  organism  has 
more  ways  than  one  of  accomplishing  the  larger  part  if  not  all 
ita  ends,  by  effort,  and  especially  by  practice,  the  vowels  may 
be  sounded  nearly  as  well  as  mmnl  under  thc«c  unfavorable 
conditions. 

CoiuonBata.— The  sounds  produced  by  the  vocal  bands  may 
iKt  modified  by  interrnption  in  tbeir  formation  or  otbermse. 
though  it  is  plain,  from  what  has  been  said,  that  the  form  of 
tho  mouth,  etc..  can  not  be  ignored  in  any  form  of  vocalization. 

According  to  the  part*  of  the  supra-laryngeal  cavities  con- 
cerned in  the  modification  referred  to,  may  we  have  the  liasis 
of  a  physiological  classibcation  of  the  consonants,  though  it  is 
obvious  that  they  may  be  dealt  with  on  wholly  different  prin- 
ciples. By  the  first  metho<I,  which  alone  chiefly  concerns  us, 
we  have  a  division  into  labials,  tirtilith.  and  yii/hirala,  according 
as  the  lips,  teeth,  or  soft  jiabite  and  pharynx  arechietly  con- 
cerned. Of  course,  several  parts  are  involved  in  all  sonnd-pr 
duclion,  and  we  recomnieud  the  student  to  resort  to  the  fur 
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tion  of  the  voweld  and  coniKtiiant8  before  a  mirror,  in  onler  to 
nitiuire  a  practical  knowleilge  of  the  relative  share  taken  by 
tho<iifforont  [jart.s  of  llic  ftupra-laryngeal  vocal  organs.  Ordi- 
uurily  tlio  toiiKUQ  lim-n.  of  course,  function  as  the  most  impor> 
taot  orgau  of  ]f[)<.^i->ch ;  but  the  extent  to  which  this  orgnu,  the 
front  teeth,  thu  lips,  vtv.,  ciui  by  practice  he  rlispensert  with  is 
surprising  in  the  exlruiiit.-.  PtM'sons  with  iiioro  thiin  half  of  thu 
tongue  removed  maiiagu  to  spunk  quite  intt-lUgibly. 

Consonaiils  may  \m  fiirthor  chissiflnd  acconliug  to  the  nature 
of  tlie  ni'tvonients  associated  witli  thi-ir  funnation:  thus,  they 
may  l>o  either  cauliiiuoiui  or  exploitive,  the  meaning  of  which 
will  Ijo  clear  from  the  classification  given  below,  and  the  basis 
of  tho  latter  from  an  insjiection  of  the  parta  by  a  mirror  dtir- 
itig  their  formnlion,  supplemented  by  consultatioa  of  our  8on- 
Mttioiis  at  thu  time. 

Thu  following  tabulation  may  bo*  of  ecrvice,  ns  ropreetentiog 
at  IoH8t  ccrtniu  uspeclii  of  thv  itubjoct: 
Explosives:  Labials,  P,B. 
Denials,  T,  D. 
OuUurala,  K,  Q. 
te-s:     Loiiais,  F,  V. 
i>w/af».  L,  S.Sh.Th.  Z. 
Oulturals,  Ch  {as  in  loch),  Ob  (as  in  lough). 
R«sonantt(:    Labials,  M- 
Dt-nlals.  N. 
Gutturals,  }f.  a. 
Vibratory :    Labial. 

Denial,  R  (common), 
Outiural,  K  (guttural). 
It  is  reiuarkablo  thiit  certain  consonnntal  (and  vowel)  80un<ls 
aro  wholly  absent  from  some  laiigu»gi-.s.  All  an-  familiar  with 
the  ditTiculty  EuropiMius  find  in  sounding  thu  English  //i,  as  in 
thin.  Their  vocal  organs  fail  to  maku  the  uucussary  co-ordina- 
tion)!.  1h'-s>'  not.  having  been  pnictised  in  youth. 

Pathological — Paralysis  of  the  soft  palate,  giving  rise  to  a 
nasal  quality  of  voicu,  illustrates  the  importance  of  this  little 
muscular  curtain. 

Stammering  is  believed  to  be' caused  by  long-continued 
spasm  of  the  diaphragm — in  other  words,  upon  tonic  contrac- 
tion of  this  muscle  in  the  inspiratory  position,  usually  de[>eud- 
ent  on  wime  form  of  jisychic  excitement.  Stuttering,  on  the 
other  hand,  is  tfiinixtmry  inability  to  form  the  sounds  desired ; 
lack  of  co-ordination  of  parts  principally.     The  various  paraly- 
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TtM  wlbole  of  the  supra-laryngeal  cavities,  the  trachim  nnd 
bniaclual  tabes,  may  be  retarded  as  retinnance-cliniiilKTK,  thu 
foiswr  uF  which  are  of  the  most  intporlancc,  so  far  on  the 
qo^ty  of  the  voice  is  concerned.  There  socins  to  bv  liltle 
doabi  that  tb«y  have  much  to  do  with  detfrniiiiing  thu  differ- 
WiBos  by  which  miv  individunl's  vt^iin*  at  thu  tamo  phch  differs 
(tomsDother;  nur  is  thu  view  that  thuy  may  have  a  slight  in- 
BiMNiee  ou  the  pitch  of  tho  voice,  or  even  its  intensity,  to  bo 
igoorml. 

Thv  epiglottis,  in  so  far  as  it  has  any  effect,  in  all  probability 
modiflee  the  voEoe  in  the  direction  of  quality. 

The  noge  of  any  otio  voice  in  piti-li  i;*.  of  cour»e,  much  ]em 
tbkn  what  may  bi<  tvi-mi-O  tliu  liunutn  vuoal  limit — i.  e.,  the 
tMi(*of  the  deopwt,  the  iulermudiato,  and  tho  highest  voices 
combinfd. 

Thtf  following  graphic  ropreeentation  will  serve  a  i^od  pur- 
|KNW.  It  will  beobiverved  that  the  extreme  liiiiits  are  loiios  of 
■buut  eighty  uud  one  thousand  vibrations  per  second,  respoct- 
ivwly. 
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loa  in    Tt* 


llhHinu«tlNrBDK>-<>r  iiM- diiTi'n'ni  ktiiiti  "f  nilor*.  aad  ilw  numli«f  of 
lothreomiNiMof «wlL   TbeUmltstwreladlnMnlMa.af a)Un*,BM 


TW  X*f  lit«n  and  the  Falsetto-Toloe.— Among  points  most  dls- 

1...I..I   .■\,.n  vfl  are  iIk-  ri'^isU-rs  and  the  falsefUi-voice.     The 

>■!'  iTKiaters  turns  upon  the  answer  to  the  quosUon, 

Wti^  v»  thi'  iiitturid  method  of  producing  tunes?     All  admit 

;.Vt\  tV\  may  U- sunk  with  diffc-rt-iil  vocal  wochaulsnu,  so  to 

I  w.  (hat  different  persons,  as  a  matter  of  fact,  do  not 

thi-  variDUs  parts  of  tla'  larynx  in  quite  th^  same 

.lU'inpliiig  to  svtlle  a  quextinn  of  this  character  A 

UlNiH  i^nU  of  difffrviKv  in  individuality  muitt  be  allowed  for; 

tSi^n  vqually  effective  results,  viewed  artistically,  that 
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may  be  con^iHorecl  a^the  natiirni  iiiptliod  nf  MiigiTifr  a  cortAin 
range  of  itot«s  wliicli  )04ids  to  the  lon^t  *^x|ivn(litui'e  of  ciior;^- ; 
and  oerUiin  ruk-s  luny  hv  UM  down  fur  th^.i  nvvriige  iiiuii.  with. 
hovovcr,  11  gomi  deol  uf  liititudu  fur  Ktwcial  ciksnti,  as  we  have 
said.    But  certaiuly  auy  mvthixl  that  disurdors  the  Iar)-rix  or 


I 


hc*il  innm.    I    l^nlivno  inVMluvlkHi  iaIVr 
UL  l^jyan  of  fi'iuole  durlnic  pfqduotMa 


-f  jiryntfofcYii>lc  appmrancrit  rl^iHii 


urtfOD  (if  (1.  til  f4a>Win-«ol™  mid  iXO) 
"    "  '  '  I'lliiiiiarur  ll'jluw*>. 


lur  |i(u]urt(aii  (iT  (1.  tl)  talm^ 
■SiUMlll.  II.  r»1«MI" (■rmliu'll 
at  h«il-(nnni.  u  Krn  by  tbp  a 


Iho  gi'tienil  himlth  can  not  bo  oorroct.  Honcft  olinical  ami 
(Nithulo^ical  ob)iLTvntiui)»  liecomi'  of  great  injportaiicp.  One 
of  tli»  commonvat  faults  coiisixtK  in  pi>r»oiis,  whusi*  laryngoal 
uipclianism  dries  lint  jiermil  of  thy  iicH-icsKirv  cliangfH  within 
the  power  of  thoso  specially  endowed,  using  a  method  of  voice- 
uctioii  for  higher  tones,  which  is  really,  in  their  caao  at 
,  aihi)it*^Ml  only  to  lower  ones,  hence  straining,  congestiono, 

guu,  catitrrli,  and  a  host  of  attendant  evils. 

It  doc^  not  como  within  our  province  to  treat  of  the  artistic 
tide  of  the  question :  but  wo  may  point  out  that  nearly  all  the 
compoHitiona  of  the  greatest  masters  of  muHic  are  written  with- 
in a  comparittivfly  small  range  of  uoten ;  and  when  it  ia  remem- 
burud  that  these  are  8uoh  as  are  most  beard  in  the  intercourse 
of  daily  life  by  the  speaking- voice,  or  at  least  do  not  depart 
widely  from  them,  we  may  understand  how  it  is  that  such 
music  has  ever  stirred,  and  does  still  appeal  to.  the  heart  (and 
ear)  of  man  so  generally,  alike  in  the  outtivated  and  unculti- 
vated, 

Attemptit  Iwve  l>i'**n  made  to  explain  the  falsrtto-roice  by 
the  action  of  the  vocal  Imnds  alone ;  hut  any  one  whu  will  com- 
piuv  his  sensntionts  his  consriousness  of  altered  muscular  ar- 
rangement, and  con«c<]nent  changed  relative  position  of  parts 
in  the  supra-Iaryngeal  cavilius.  even  without  the  use  of  a 
laryngoscope  ut  all,  cau  not   fail   to  perceivo  that  the  vocal 
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iMUlds  are  not  alont^  to  he  tnketi  into  twroouiit.     But  there  can 
l>o  no  question  of  a  very  great  cliiferenco  in  thv  twlisviop  of  tlw 


Fra-M. 


fla.  *«L. 


VM.  4ll.-l<aiTi>IPMrn|iIu  vlxr  of  Uio  eliiCtb  durlnc  •nlaiJan  of  tiWi'pllrhMl  nnic*  it#>  Bon). 

1.  i.  tear  of  uiliKU'- 1  *■  *■  •'IHirl'lliI :  A.  I>.  uluu'vnx  :  T,  arTlvncdil  ntllwm ;  S.  opculuc 

bMWHa  inir  tu«l1  Forda  :  a,  niT'4'iiwfilicl'i'iMFan  folilit  11.  c*rUlAc<^  of  SAutoriul:  II. 

nuHdtami  ctutlUm  ;  U.  rniirrtiir  mcul  cunl>;  I\  lutcnnr  fafti  conbi  (haoiU). 
Fin.  Mt.-  (lliMtln  tit  ana  bj  krriuctacupe  iliirlUK  production  at  cbcM-Tulos  ulbv  Man^l  iwH 

OrfltjunfTI, 

vocal  bHuile  in  the  production  of  the  falsetto  as  coii)purt.>d  with 
tho  chest  voico. 

As  hax  bw>u  suggested,  in  the  higher  tone*  of  tlie  falsetto, 
the  vot'iil  bivnils  (ire  slmrtemKl  nnd  come  together  posU-riurly,  at 
all  events ;  and  thi»  may  be  produced  largely  by  the  uvt ion  of  the 
thyro-arytenoidous  iiiternus,  jiud  possibly  several  other  mus- 
cles. Tliere  i>i  little  doubt  that  the  whole  breadth  of  the  bauiU 
does  not  share  in  the  vibrations.  In  many  of  ita  features,  tile 
hiRh  falsetto  of  the  male  voice  is  allied  in  production  to  Uie 
head-voice  of  fenialai,  in  which  only  the  central  parts  of  the 
bunds  seem,  in  tho  highest  notes,  to  be  iiivolvtnl. 

In  nenrly  till  previous  considenitions  of  thi»  topic,  it  eecms 
Ui  as  that  insuQicient  attention  has  bw<n  paid  to  the  method  of 
applying  tho  blast  of  air  by  the  lungs.  Tlie  grout  imiwrtanoo 
of  this  ill  playing  wiud-instruments  ia  practically  recogaizett, 
yet  in  our  own  wind-instrument,  the  most  perfect  of  all,  it  has 
received  too  little  practical,  and  still  less  theoretical,  attentioti. 

Fatholo^ooL— The  results  of  the  i>aralysis  of  the  several 
muscles  of  the  larynx,  of  the  sfjft  {udate.  etc.,  throw  a  cvrluin 
amount  of  light  u]ion  this  subject;  it  is  not  to  be  forgotten, 
however,  that  in  this  instance,  as  in  other.*,  the  usual  (nonnalll 
mechanism  may  be  obscureil  througb  adaptations  by  uuusuid 
metliods,  so  that  the  best  is  made  of  a  l>ad  case : 

1.  When  the  widening  of  the  glottis  can  not  take  place,  and 
the  glottic  opening  assumes  the  ea<]averic  position,  owing  topa- 
rnlysis  of  the  crico-arytenoidei  pnslici,  there  may  be  dyspu't-a. 
2.  Paralysis  of  the  (iryteuoi<leus  Iransvertue,  in  coDSequencv  of 
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which  tiie  glottic  opeiuiif;  caii  not  1>o  sufJicienU}'  tmrron-od, 
allows  of  undue  esr-ai)e  of  nir,  iin<i  givos  rise  to  fi<obl(.'iivs!t  amt 
fanrshnMs  of  t\ii>  vniire.  :i.  Tlit-ru  iiiity  bo  aliuuttl  ooiuplvle  Ioe» 
of  voioo  from  [xinilyxis  of  both  tliyro-wrytt'uoid  uiueclt>a.  4- 
When  tho  crico-thyroid  muscK'S  are  paralyzed,  owing  to  im- 
porfoet  U-'tision  of  ttm  vocal  Imtids,  the  voice  may  bcoonie  lower 
pitched  aijd  hurt^h.  Any  form  of  paralytiis  of  the  vocJil  liaiidit 
should  arreat  attention  and  lead  to  a  cai-efnl  exaniiimtioii  of  thu 
chest  for  •ueiirism.ctc.,  and  to  general  inquiry,  for  even  tlio 
brain  may  be  involve<i. 

The  impoi'tnnce  of  the  niUM-lcs.  by  which  Ihe  larynx  is  raised 
and  8ti^died,  muKt  not  be  oveilookKd.  In  profmsiuual  tuDgers 
from  c-oiistant  prnctioo  they  often  bocomo  greatly  eularged. 
Wt>  may  here  reimirk  upon  the  valuv  of  xinging  when  not 
pushed  to  the  vi-rgy  of  fatigue,  when  free  from  straiuing,  and 
in  a  pore  stmonphere,  as  a  healthful  exurcise,  the  whole  of 
which  does  not  consist  in  the  good  arising  from  the  use  of  the 
chest,  laryns,  eU:,  or  the  additional  amount  of  oxygen  renpired, 
bat  also  from  complicated  and  ilbunderetood  nervous  effects. 

At  puberty,  in  both  sejce-t.  the  larynx  share:*  in  tho^e  changes 
of  rolativo  An<l  abwdiit^.''  aixe  which  the  body  then  ex]ienenoefl 
80  generally.  The  thickening  from  excdss  of  blood  and  ner%'- 
oas  energy  produces,  ivpocially  in  youths,  a  liivrsh  voice,  which 
18,  in  this  instance,  us  in  all  others,  an  indication  of  the  nood 
of  rest  of  the  pnrts.  To  sing  under  siioh  circumstancuu  is,  of 
course,  liable  to  induce  permanent  injury  in  the  form  of  weak- 
ness or  harshness  of  voice ;  but  once  this  period  is  passed,  regu- 
lar vocal  gymnastics  may  be  of  great  service  in  perfecting  an 
organ  unrivaled  as  a  muHical  instrument,  and  by  means  of 
which  man  is  raised  through  the  endowment  of  si«»ech  vastly 
abiivo  all  other  animals. 

Tho  subject  of  voice  production  and  voice  preservation  is 
one  of  the  utmost  importjinee  in  eihication,  though  it  rocuiveti 
comparatively  little  attention.  The  public  laslo  for  high- 
pitched  vocalization  does  unquestionably  tend  to  ruin  voices, 
and  is  alike  oppix'ied  to  artistic  and  physiologicBl  principles. 
While  a  few  niny  i-each  the  preecribecl  standard  of  the  public 
taste,  tho  many  fail  in  the  attempt. 

Comparative.— Much  more  is  known  of  llie  sounds  emanating 
frt^ni  tin.'  liiu'cr  animals  than  of  the  niechanism.>)  by  which  they 
are  produced.  This  ftpplioii,of  course,eapecially  to  «uch  sounds 
aa  are  not  pro<luced  by  external  parts  of  the  body,  it  lieing 
very  diflicuU  Ui  investigate  these  experimentally  or  to  obHerve 


H'^Q 


ANIMAL  i*nvstor.ooy. 


powerful  lever.    This  is  illuHtraled  by  the  action  of  the  liiceps 
DO  tbe  forearm. 

It  18  tn  lie  rememberpd  that,  while  the  flexom  and  extonwirs 
of  a  limb  act  in  a  certain  degree  the  opposite  of  out-  iiimthcT,, 


rill  tni— i'kvlKMu  of  ater.  Till-  bono  in  tin  exUviiililH  or  U,^  ilir  flivini  ur  uuwlni( 
iLi>  Irirttthtd  nvy  oblUfiiv'lx  tJ>»artl  vftch  nther  ami  tfiwan)  ihi<  >«-i|iithir  «(i'L  lliiir  I 
Tbhi  uraiifniniini  Inrrtww  i)if  Im-rnm*  <•'  Ihi-  niiinculnr  kn|«n  BUd  oonlcra 
ra|ititl<7  on  tb>-  mmini  lurli  It  ii'i|CT>i'-ni*  cluiicliy.  dlmlaMiai  ibock,  am]  KhUmciv 
bCiCBU  OQUttaiitEj  -jf  incm-iiiMit.  <i.  nuitir  torumi  hy  tftnur  wlih  ULma  :  Luiflv  fortM 
hy  Utdaani)  flliuin  «liii  r<iuuri  r.  oiiulu  Curiimi  liy  plialaoitM  wtth  «iinao>liDi>W :  (.  tiita 
(nnni-il  h<r  huiiitriia  nllli  «cii|nilA :  /.  niigt*  lonnnl  by  railliw  and  nina  wtth  llDnMm 
(IVttlirreiri. 

there  is  also,  in  all  ca^es  perhaps,  a  united  action:  the  one 
set,  however,  prepoiuifratinK  over  the  otlit-r.  luid  ii.«iially  sev- 
vr»l  muscles,  wiiether  of  the  same  or  iliiTcn-nt  classes,  act, 
tof^Uier. 

Slanrling  it»t'lf  ryquires  the  exercise  of  a  lorgu  nnnibiTof 
liimilnr  and  auUiguiiiiitiL'  muscles  so  co-ordiaated  that  the  liui* 
uf  gravity  falls  within  the  area  of  the  feet.  An  unconscious 
person  falls,  whii-h  is  itself  an  evidence  of  the  truth  of  the 
above  remarks. 

The  following  statementti  in  regard  to  the  direction  of  the 
line  of  gravitj'  may  prove  useful :  1.  That  for  the  ln>«d  falls  in 
front  of  the  oncipilnl  articulation,  as  exemplified  by  thi-  nod- 
diTiK  of  the  hwui  in  ii  drowsy  iwrson  occupying  the  fitting  atti- 
tude. 3.  That  for  the  hnuJ  and  trunk  toguthcr  passes  behind  a 
line  joining  the  centers  of  the  two  hip-joints,  hence  the  uncor- 
rected tendency  of  the  erect  body  of  man  is  to  fall  backwai 
3.  That  for  the  heml,  trunk,  and  thighs  falls  behind  the  kne 
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jointH  Homowbat,  which  wouIJ  nlso  favor  falling  baokn'ard 
(Ijeiidiiig  'jf  tho  kuooa).  4.  The  liuo  of  gravity  of  th«  wholo 
body  pa^HOS  in  front  of  a  lint-  joining  ihu  two  (inklo-joints,  so 
that  the  body  would  t«nd,  but  for  the  cuutravtiuu  of  the  mus- 
cles of  the  calveH  of  the  lego,  tu  fall  forward. 

Taking  thpsp  (lifFcrcnt  fart,i  into  r  on  si  deration  expliiins  tho 
variifuii  dirwtians  in  whivb  an  iiiili\i(luiil,  when  erect,  ni«y  fall 
occoi'diiig  OR  oni)  or  tho  other  line  (center)  of  gravity  is  dis- 
placed for  a  long  enough  time. 

i\''aU;iiiij  (miin)  implivH  the  alturuatu  movomont  of  each  leg 
forward,  pL-udulum-Uke,  80  that  for  a  moment  the  entire  body 
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fta.  m— Sham  iha  rintullaneoiu  poaltbnu  ol  both  ^^m  dtiitiwc  •  •<t<'p.  illviilnl  InUi  toot 
■nweaiAflw  Wrhnrl.  ftrnl  Kmipl^l,  (  lo  T,  k<**>  Uhi  dUIlMTSt  pWili>ii»  <■  Mfh  the  It^ 
MRiuiewm-runlir  lunimp  wtuJrr  holli  at*  on  (hp  snniiiii:  MaDnil  icmiiiiif.-i,  r>  i<>  ii,  «ha*« 
IhrrnrliKH  fwlllniucit  loUl  Ixgii  At  Ihellnw  Kfacn  llic  ni(l<>il<ir  I--K  In  rli-Tatnl  Itotn  llie 
RTiiiiiul.  tnic  Milnil  Ilut  lupponMI  oiie;  ihlrd  tnap  iCl.  it  <o  II.  fJnin  the  poBlUoiUi 
which  ibo  Imm  Muinir  wlifn  (In- ■■rinKtujt  lf^r<vi'rUikaBUu>Btaikliti|t  001):  tmil  luctourlli 
(Tvup  ID).  1  tu  X.  Il»>  iHKmnna  'liirlns  [bp  ilma  wtivD  Uw  •witiiflnjc  I*(r  >■  pnjnvUwl  Id 
hIvukw  14  th»  nwinK  ••"■■  Tli"  ktlcr*  11.  h,  noil  c  Indloati!  ilie  UKln  fomiM  bj  Uw 
bonrvol  l\v  rl^hl  I'^tE  wlu-n  ■.'(i^'oirrj  in  niBkLuff  a  Btpp:  Uie  Irtlorm  ih,  «i4iHl  o,  Uwfinii- 
Hoaa  UHUunl  by  Uieriifhi  ('-'I  '•liiMi  IliPtrunli  la  rollInK  ovi-r  li ;  (i.  (hiivs  tht  nUtlns 
fgnmnloC  Uiu  trunk  ui>i>ii  lln'  Wi  fnoti/i  uanaxlii;  k.  iliuw*  lliu  nitatlDB  fon>»nlot 
,  lb* l*n  l(|r  uil  root  u;mii  ilui  Irunk  (a)  mi 


Fia.  m.-Ovorhuut  swImmlKK  (PMtliffaw). 


tljo  supported  on  one  foot.     When  the  right  foot  is  lifted 
forward,  the  left  must  support  the  weight  of  the 
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no,  W.—Kuuim  iinivkleJ  wltU  ■(■(arfttus  luluuled  lonRbUtr  ItliilUtcnut  pacDs  I  MafcfL  I 

body.    It  liocoraes  oblique,  tlio  hepi  heinji  raised,  the  top  still 
rmting  on  ttio  ground ;  and  it  is  upon  this  as  a  fulcrum  that 


riu.  «5.— LiiLi uiMi-„i  i„.VBi»iij-'«li™i"a'tUuoiiluriU4iMt>il»l«eM(lton5l. 
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the  'body-weigbf.  is  moved  forward,  when  a  similar  action  is 
tnkcii  u]>  by  thf  opiKwitt'  leg. 

It  fullun-u  that  to  provoiit  a  fall  there  must  he  a  leaning  of 
the  body  to  one  skk",  so  that  the  lino  of  gravity  nmy  pass 
through  each  stationary  foot.  It  follows  that  a  walking  iierson 
describes  a  series  of  verticHl  curves  with  Iht'  head,  and  of  hori- 
zontal one,s  with  the  body,  the  resulting  total  being  complex. 

The  peculiarities  of  the  gait  of  different  persons  are  natu- 
rally determined  by  their  height,  length  of  leg,  and  a  varioty 
of  other  factors,  which  atf  often  inherited  with  great  exactnt'-is. 
W«  instinctively  adopt  that  gnit  which  economizes  energy, 
both  physical  and  moiitul. 

liunniftg  diSvrs  from  walking,  in  that  both  teisl  are  for  a 
period  of  the  cycle  off  tht*  ground  at  the  same  limt*,  owing  to 
a  very  energetic  action  of  the  foot  acting  as  a  fulcrum. 

Jumping  implies  the  propubion  of  the  body  by  the  impulse 
given  by  both  feet  at  the  same  moment. 

Hopping  is  the  same  act  accomplished  by  the  lue  of  one 

log. 

CompormtlT*. — The  movomonts  of  qundniiK-ds  are  naturuUy 
Very  ooniplicatod,  but  have  now  been   well   workiy]  out  by 


F^nL -M  anil  W.-ahavtne  lb*  morv  <ir  lf«  pnnriidLf^ulH  dlrMtaCl  Cf  die  Mraka  of  ttM  wlBK 
lnil>nfllBlit«f  Ihr  Mrdfcull);  Iujw  i1ii>»1iik  i*  imvluallr  eXModMutCMatoTalHl  ('./.pi: 
hmr  II  (ImtiuIh  M  •  lonK  Ji>v<t  iiiiTI)  ii  (huiiiiiim  Ibo  poUllMt  IndlCBloI  bj  h  :  hoa-  li  l> 
rli^XiHl  lovard  ili?  l^rmlriiUI-'^ii  i>t  I  hi.  iln^aA-Htrvtki.,  Avuhnwii  ni  K  ■-  }-  ijiounicn  li  Ifiio  ■ 
■liort  li'Vcn.j.  tiiaud  pn-imr-.-  It  (■■r  mnlilriit  I  he  Ulnlpnlii-,  Thi.  illftririii-.-  In  llir-  Inimli  ut 
thp  winhE  ilurlntf  nL-iii>u  aud  vxirofiinD  H  iiitUcATnt  liy  ihr  4h(in  anrl  t"tts  U^\-r^  n.b  uul 
e.  a.  nr  Miililou  uODrMSiuu  lit  Uie  wliu  tmnv  •  Ions  loio  k  idHirt  Irvcr  U  Ibp  end  of  Um 
■linni'idn'kv  l(  Of  ktmI  linparuiuw.  ■*  Ti  rabaUic  •biic  of  iu  rocanenium  uid  prapMM  It 
tor  nnniliM  )t>  moramcoM  (nrttism*!- 


the  use  of  instautaDuous  photography.  Gveo  the  bird's  flight 
is  no  longer  a  wholly  unsolved  problem,  but  in  fairly  well 
undprstood.  The  movements  of  centipeds  and  other  many- 
legged  invertebrates  are  highly  complicated^  while  their  rapid 
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PiiUL  4H1U1J  <l»iilio«  lti>tirb«UMirla0an>«'li-r«iHd(r./.|>LUlo  iMdrMlatn;  and  l_ 
wlifii  Ihn  H'lij|,i>  an-  ilnpnaHl  (A.  ^. /I.  iliv  txnly  u  ■ImalMl  •».    Fte.  4(1(1  Khnn  (luU  1^, 

wlii4r*ftn>iOiHvnrnJ  ak  ithi^n  1i>vi>r«  ii-i  unliJ  1  mutant  tlii<  rvniilnbUon  nr  Uiv  iiF>*lr"kr<.  whrvn 
ttaiTiuv  (nulimllj-  i-iiuini)"!  if.p\  i"  linr-pnr"  liii-m  (ur  muklnu  Ihp  ilowii'Uroki'    nt  4n' 

H(«)M,b1kii  UiiTj-  orr  i;i-[i-liinlly  f(..lr!.'il  or  Oi'ii-.!  (.,>i  'n  ml-  ilM-mof  ibt*  uuMnrntiiiD  BBd 
nrrpki*  tlmm  ror  mitkliii.'  1)"'  ii]i->[r«l»-  i-iiujiiuri'  olili  Fii,-it,  lln  viJ -lUT.  Br  UiU  infnm 
llifr  air  tHr(ii*iiUi  tj>«  ttintf*  m  iljfi^niEuly  M-Ur.UTiirLiiff  thi'  ilcura-Mrakf^  whib  Out  AlKitr  II 
I*  B'MUI'xt  iliiiinu  tho  iip-«ln>ki<i,  Thr  lymmvn-roDivx  fotm  nf  Ui«  irinc*  KBd  thr- tonroril . 
irivel  <i(  lln-  botry  criDCritniUii  TO  this  rmitt.  Tho  itUie*,  II  will  toobHrrred.  act  luk  poro-'^ 
cbu[i?  IfTirhtturUw  Uicupiuiil  ilovn  iirolEPL  Klff-  tufwivyw*  nlu  Uw  compiHJDil  nX«(iott 
oT  Uionliur.  luiir  U  niUiM  upouu.  MScralEr,  vrlUi  a  mllu*  m.  A,  n,uid  upon  a,C4b  u 
k  gtliteir.  wlUi  ■  reitliB  k.  I  iivUglvwl. 

movements  are  to  bo  accounted  for  by  the  multiplicity  of  tholr 
lev'ers  rather  tlian  the  rapidity  with  which  thoy  are  movod.^ 


FtH' JWlL-'ChllUDCharn  Mill  i/lo*  .S'cof'orjf  l.  Rhowi  powerful  bntTj  bwlx.  aa>)  ihi<  «mAll 
rzIrBmltiM  ■Oaiitot  f.ir  livo'l  Imiuilt.  Alui  Ui''  niriirv<ir-H  munuiriiU  nikl-i  hv  th--  Frvt 
and  limb*  in  wiuk^n^^  ajuI  rijuui^atf  u,  '.  inmn  iiinil^  h^  lif  bl  and  luft  afid-rmf  rxtn^ail- 
Il« :  r.  ii.  ounf*  niml-'  br  rUbl  and  )nfi  iiiatiTtnr  f«trviniu<r«  TTif  rlirbt  ten  ami  Uiu 
Ipft  hind  t'tiit  ruovhr  toirctni^r  to  form  the  wnvrd  lliic:  f^  b) ;  Ibf  Irfl  furv  anil  thd  ilKbt  b^i4 
fncA  mum  li^itDthiT  tu  [cirm  Ihn  irand  Unc  Ir.  K  Thr  (.'urra  furnuMi  by  Uto  aoMlor  It,  ul 
and  poaMrlor  (r,  i)  vxlrcinlUaa  (mn  •UIiw*  iPMtlgnxr  J^ 


LOCOMOnOS. 


06] 


Tho  longtii  and  flexibility  of  their  hndies  must  also  be  lakrn 
into  Account,  rL-mloring  ninDy  legs  necessary  for  supiwrt.     Wo . 


>i(!.  501.  -Bcpn.-i. 


can  only  briefly  refer  to  tho  method  of  locomotion  woll  exem- 
plified by  our  domestic  quadrupwJg,  Howoror,  the  whole  sub- 
ject will  become  plainer  after  a  careful  study  of  the  cats  intro- 
duced iu  this  chapter. 


Pta.ni.-Riir«tnu(or'mttlnr  IntUa.mi  tnsll  ttenOMrpaeeikUNboaror  IheboraMi 
tAMvd  ttxtiu-'l  )r)  >  illu.-'xiil  (■Unlnsol  tnmk  and  otrnniltM.  the  tvlniiiiliini  iIiktHi 
hw  a  apiiv-ajr'y  inu'li  II  u.  r  IL  TTic  tlmirc-ot-A  I*  producad  1i)r  thi>  alln nuto  jilaj'  nf  ihi> 
oRnmHIM  •nd  (fpi.  loo  III  whloli  w  iiliiax>  on  th*  pnund  (n.  h\  Thui  Hr^ndil  forr- 
MM  itmillin  dip  mirt*  laarkxl  t.  the  lefc  blod-toat  Ihal  markRl  r.  Ml  forf-roM  that 
UHfeMlii.MidrfKhihlriil-tooi,*.  nefMIMgrauDd  IntbepnscathiiaiioauvWiCats 
•ad  r^t  idad  (Atitiorvii). 
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In  wnlking,  quftdrapecls  like  tlio  Iimkp  use  tlio  limlis  alt<M^] 
uatvly,  liiiil  in  a  dtagtmiil  soquitncf,  so  tlmt  tliu  ri(flit  fore-lug 


.^ 


y^t^ 


n  MlnllriTllLtlli  il  dngion  {Drum  KimalapMM,  Onj\  •)>"»*  ■  lnrB<?  nwnit 

V^^nkK  nsilnaoatirUil*WTnnKvnioM««nUkB«ncMlvi.-liipasirh  perfncIwM^ 
Ptn.  lAI.— Flylnn  laaiur  <0'iI«ipirA«'u  pelann.  Blia*).    to  Ibe  djiiiu  lemur  ilm  uicnibnuDua 
i^imndnn  (M,  A)  III  man  MitcitiiiTV  tlum  (n  thi>  llyliic  (Intcou.     li  m  •u|i)"''i»l  l>r  Uw  nek, 
bwik.  uid  tail,  anil  liy  thr  uitnrlor  uiil  njatarhir  vilrwnilil>«     Th--  itj'liiic  Ipcnur  Ukn 
BSormcnu  iMji* :  Ita  nHflnhranxiu  (iinic  Ml  but  ifiWilitliut  It  l<>  fly.    Thr  lot.  /rk^lnrAMfiJ 

CeilittTIg  K&t.  nirt  with  B  nrr  ■Uelil  Incnu V  <rf  aurutv.  Tbr  currHpc  fXiKvnl  Iqr  ■' 
McimJ*  Uiat  illi^ilavnl  t^  lUBiir  Inan^U  alid  lilrdu  The  vtun  (4  ibr  bat  are  d 
oonoai*.  awl  a»  rawmliXa  Uio  wlUKt  of  bentlM  aud  bitti  i  limliixl.  abart-wliind  Mnla, 
bonraor  tlw  armi'l.  formnn  (it},  anrt  IuiihI  (■>.  n.  ti>  I'f  rlir  Iml  auplMn  Ew  aiiwrlor  or 
Uikk  maritlii  and  ibv  rxtrrmUT  nt  thp  wlnjc.anil  mnj  luit  iiuiplJ/lNi  ocoipafM  lo  Hie 
DDmina  111  AumpoDiUa^  PdaIIIudii  Id  wlnff  ^bortle  ilvltlsrrwj^ 

and  Ihfi  left  hind-leg  are  asHoeiated.    Trotting  corresponds 
running  in  man,  and  there  ia  the  Game  diagonal  action.    Thei 


FW.  M6.-Ttap  hat  (/Wb'Ii""'"'"*  P'Ortl''.  rp-i<-r»i  lli-m  [hp  imfUnirauTfacvwfrdf /.on  aiil 
Mc  QUunnouiilf  IncrMunl  ■■•  oimpBivd  wXli  lliiu  oC  Ihr  land  and  walM- aDlmali  ■merauj' 
(PMIW*'"'    ■*'  "■"  ■  ''■  Furvami;  a/,  n  n  n.  hiUilotbat. 

is  also  s  gait  natural  to  some  horses,  same  dogs,  tho  camel,  etc., 
termed  ambling,  or  iiactng,  characterized  by  both  legs  (m  the 
same  side  working  simultaneously  and  alike.  This  ie  perhaps 
comparable  to  liuman  walking.  In  galloping,  nil  fmir  feci  are 
off  the  ground  togethei-  f<(r  n  [tortion  of  the  cycle,  though  tliey 
do  not  striko  the  ground  agniu  at  tho  samo  momc-nt, 

Evolotlon. — It  19  notfWortliy  that  with  almost  all  quadrupeds 
the  gallop  is  the  natural  muthod  (or  rapid  piupulitiou.    In  all 
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'nnimalR,  either  bred  by  man  to  attain  preat  spefid,  aa  the  race- 
hurae  ami  nrcyhomi<I,  or  thiisi"  that  have  lienoiiie  so  by  the  pro- 
cess of  natural  selection,  the  entire  conformation  of  the  body 
has  been  modified  in  harmony  with  the  chitnges  that  have  taken 
pIao(^  in  the  legs  and  feet.  This  is  seen  in  the  greyhound  amonK 
domi-stic  nnimnU,  and  in  the  wild  door  of  Uio  phtiu  and  forest, 
Suoh  instuucfs  illuintrnto  not  unly  the  priuciplo  of  natural  se- 
lection as  a  whole,  but  the  fiubordinate  one  of  correlated 
growth. 

Any  one  observinR  the  modee  of  locomotion  of  qnadrapodg, 
especially  horses  and  <Ioj;s,  will  perceive  the  ndvnntftj^cs  of  the 
four-logged  arrangement  Not  only  is  there  a  varii-ty  of  modes 
of  pn>gri'i^ion,  as  walking,  trotting,  galloping,  cnutering,  the 
ttlteniutiom)  of  which  permit  of  rest  to  certain  groups  of  mns* 
cles,  with  their  com-sponding  nervous  connections,  etc.,  bnt  on 
occasion  some  of  thiwu  imimuls  can  progress  fairly  well  with 
three  legs.  Somctiuies  it  may  also  be  noticed  that  a  horse  that 
prefers  one  gait,  as  pacing,  for  his  easy,  slow  movctiu^nts,  will 
break  into  a  trot  when  pushed  to  n  liighor  rato  of  speed. 

Trotting  can  not  be  cimsiiiori'd  the  natural  gait  for  high 
speed  in  the  horse,  y**.  by  a  proet-jsa  of  "artifit-ial  selection" 
(by  mnu)  from  horses  that  have  shown  capacity  for  great  speed 
by  this  mode  of  pn^gretwion,  strains  of  rucera  have  Iwen  bred, 
showing  that  even  an  nctjuii-Dd  mudu  of  locomotion  may  be 
hei:(>ditary ;  while  that  galloping  is  the  more  natural  mode  of 
locomotion  of  the  horse  is  evident,  among  other  things,  by  the 
t4>ndency  of  even  the  best  trotting  racers  to  break  inti>  a  gallop 
when  unduly  pushed — an  instance  also  of  ftii  hereditary  Ivnd- 
cncy  of  more  ancient  origin  prevailing  over  ono  moro  recout, 

The  bipedal  modes  of  progression  of  birds  oru  naturally 
very  like  those  of  man. 


MAN  CONSIDERED  PHYSTOLOOICALI.Y  AT  THE  DIFFERENT 
PERIODS  OF  HIS  EXI8TENCK. 

Growth,— As  a  result  of  the  intra-ut«rme  development  of 
two  cells,  neither  of  which  is  visible  hy  (be  naked  eye,  tho 
human  being  reaches  about  one  third  of  its  total  length  and 
one  twentieth  of  its  maximum  weight.  In  the  infant  the  rela- 
tively larger  size  of  the  head  and  fm-e  is  obvious,  while  among 
intr-rnal  organs  the  liver  is  ospecially  large.  The  child's  futun> 
i&croAso  in  weight  is  chiefly  from  growth  of  muscles.    Increase 
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in  stature  continues  up  to  about  the  twonty-fiftli  year,  though 
the  iucnMso  is  mo^t  rapid  during  infniit-y  luid  puburty,  when, 
in  lact,  lli<-  woight  h  also  groiktly  nugmontod. 

Sigcftire  Syrtem.— While  it  in  now  ostablishod  Ihst  all  of  the 
digestive  BocrutiDg  mochuiii«ni«  ore  active  ut  or  shortly  aft«T 
birth,  it  must  be  bomf  in  mind  thai  these,  like  the  other  orgat 
adnpt  gradually  to  the  new  conditions.  This  is  a  matter  or 
practical  importance  in  infant  feeding.  Thus,  while  it  is  true 
that  th<-  young  infant's  saliva  vrill  act  on  starch,  it  i«  not  to  bi' 
9uppo9e*l  that  its  aniylolytic  powers  are  equal  to  those  of  the 
iwlult. 

Cinnlatoiy  and  Seapiratoiy  Syatcms.  —  The  babe's  heart  is 
larger  ihati  thitt  of  ihw  lulult  reliitivi'ly  to  its  bo<iy-weipht,  and 
its  action  mure  rapid ;  heuce  the  circulation  is  Hccomplished  in 
a  ahortcr  space  of  time,  tin  advantage  when  it  is  considered  that  j 
the  need  for  oxygen  and  tisHue-fuod  in  the  yoang  organism  ii 
90  great. 

The  respirations  are  correspondingly  rapid,  and  the  actual 
amount  of  the  respiratory  interi^hangp«  is  greater  than  in  mlult 
life.  There  appears,  however,  to  be  a  storing  up  of  oxygen- 
i.  0.,  nil  of  the  oxygfn  used  up  does  not  shortly  appear  again  1 
carbonic  anhydride. 

The  melaholism  of  the  infant  is  very  active,  and  is  spmt 
largL-ly  in  construction;  growth  is  m  excess  of  waste ;  indeed,^ 
this  feature  is  charactfrislic  of  the  metabolism  of  all  young 
animals.  There  is,  in  cousi^uence  of  the  excessive  loss  of  ht«t)j 
from  a  relatively  lorger  surface  than  in  the  adult,  the  need  foi 
a  more  active  metabolism;  the  young  animal  must  eat  more, 
to  meet  this  waste.  It  is,  moreover,  in  consequence  of  this  fact 
Hmt  infants,  when  not  protected  better  than  adults,  perish  from 
a  fall  in  the  temperature,  which  thetr  sensitive  organizations 
can  not  endure. 

Immediately  after  birth  the  adaptation  to  the  new  environ- 
ment is  less  perrecl  than  at  a  later  period ;  respiration  is  feeble : 
the  bloiMl  is  imperfoclly  ni-rated  ;  the  tumperaturi'  is  lower ;  the 
entire  metabolism  go»i  on  but  feebly:  hence  it  is  that  newly 
bom  kittens,  puppies,  etc.,  can  be  immersed  in  water  for  a  con- 
siderable period  (twenty  to  thirty  minutes)  without  drowning. 
The  tissues  do  not  demand  much  oxygen;  they  live  on  what 
they  already  have  stored  up,  after  that  in  the  blood  is  ex- 
hausted— in  a  wonl,  they  behave  much  as  they  did  during  intra- 
uterine life.  The  excretions,  as  would  be  fiuppused  from  tho 
rapid  metabolism,  are  more  abundant  than  in  the  adult.    Then 
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IS  more  urini-  ]Hts8ocl  and  more  tirtia  uxcrotod  in  proportion  to 
the  woiglit. 

The  lymphatic  system,  as  a  whole,  is  more  pronouucod  ia 
youth.  Curtain  gInniU,  tliu  fiinotiunii  of  which  nro  not  w«ll 
un<l«n>tuoil,  for  which  rotuiou  wl*  have  thought  it  wol)  to  pass 
them  over  entirely,  are  at  their  highiwl  developmont  during 
infantile  life,  as  the  thymus  and  thyroid.  These  atrophy  as 
puberty  approaches,  eepecially  the  thymus  gland. 

The  prominence  of  the  lymphatic  Bystem  harmonizes  with 
what  we  know  of  the  functions  of  the  colorless  corpuscles  of 
tilt!  hlood  in  the  work  of  building  up  tissuef*.  They  may  he  re- 
gnrdud  ox  n-mnanls  of  emhryonic  life,  iindiffei-en tinted  cells 
awaiting  thoir  opportunity  to  develop,  though  we  do  not,  of 
course,  mean  to  nfflrm  that  in  the  blixxl  and  elsewhere  they 
have  no  othur  fuiiction)!;  in  fact,  it  has  beori  shown  that  in  the 
alimentary  tract  tht-y  aru  porter**  of  digestive  products  (fat, 
etc.) ;  and  thoy  also  likely  pttiy  an  important  part  as  scavengers 
and  OS  guardians  of  the  nobler  cells  against  micro-organisms, 
etc. 

Dentition. — The  change  in  the  metabolic  powers  of  the  ani- 
mal is  foreshadowed  by  the  gradual  appearance  of  teeth  for  the 
preparation  of  a  more  solid  food  to  meet  the  altered  wants  of 
the  fconomy. 

The  finit  appearance  of  teeth  is  in  the  upper  jaw,  the  two 
central  iucisor»,  soon  tu  be  followed  by  the  corresponding  ones 
of  the  lower  Jaw.  This  is  at  about  the  seventh  or  eighth 
month,  to  be  succvedeil  by  the  lateral  incistjrs  a  couple  of 
months  later ;  the  first  molars  about  the  end  of  the  first  year  of 
life;  the  canines  (oye-teoih)  half  a  year  later;  and  the  whole  of 
the  temponiry  set  before  the  second  year  is  completed. 

The  permanent  teeth  replace  the  milk-teeth  very  gradually, 
and  are  thus  adapted  to  the  growing  jaws.  The  new  dentition 
begin?  to  appear  about  the  sixth  year,  and  may  continue  for 
six  or  eight  years.  The  last  molar  (wisdom  tooth)  appears  very 
late,  bt'twoen  the  sevcnteciiith  and  the  twenty-tifth  yt-ar.  It  ia 
noteworthy  that  this  tooth  seems  to  be  more  and  more  delayed, 
and  often  never  appuars  at  all,  which  may  be  saiit  of  some 
others, especially  the  lateral  incisors:  so  that  it  looks  as  if.os 
civilization  progressed,  the  jaw  were  becoming  souiller  and  tho 
teeth  suffering  atrophy.  Both  tho  teeth  and  the  hair  are  epi- 
dermic structures,  and  their  defective  growth  at  the  present 
lime  in  so  many  individuals  raises  suggestive  questions,  Tho 
face  of  civilized  man  seems  also  to  be  getting  smaller  relatively 
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to  tho  head.    Is  this  an  pxample  of  correlated  growth,  to  bt- 

explained  by  the  predoiuiiiaiicp  of  the  cerebrum  ? 

IferTOM  System.— The  nervous  system,  like  all  tho  others,  1b 
liJuhly  (teiif^itive;  it  reacts*  powerfully  to  moderate  stimuli;  its 
equilibrium  is  mom  remlily  disturlMMi  thnii  (hnt  of  any  oth'-r; 
and,  since  to  it  belongs  thu  work  of  guiding  tho  metabolic  pro- 
oosses  of  the  variouH  tissuen,  this  peculiavity  explains  the  readi- 
ness with  which  tbe  health  of  the  infant  can  be  deranged  or 
restored.  Heure  it  follows  that  a  prognosis  in  the  case  of  iu- 
fasts  must  be  unusually  guarded. 

As  hafi  boon  alrcndy  indicated,  the  cortical  oclls  of  the  cere- 
brum, and  other  pnrts  of  the  brain,  are  but  indifforoiitly  devel- 
oped at  birth;  ho  that  stimulation  of  tho  cen^bral  surface  in 
young  animals  (though  there  i«  great  difference  in  this  respect) 
must  not  be  expected  to  give  preoieely  the  same  results  as  in 
odultit. 

Prom  the  share  that  we  now  know  the  cortex  of  the  cere- 
brum to  take  in  the  elaboration  of  probably  all  sensory  im- 
pulso»,  it  follows  that  in  the  infant  all  of  the  senses  must  bo  to 
a  certain  extent  imperfect,  even  assuming  that  the  pt^riplieriO 
mechanisms  are  as  jterfect  functionally  as  in  tho  adull.  which 
is  not  likely. 

In  sumo  respects,  however,  the  oyo  of  tho  infant  is  more 
perfect.  Its  power  of  accommodation  for  near  objects  is  won- 
derful, while  at  a  i-ory  early  age  thu  pupil  acts  perfectly,  and 
binocular  vision  is  establiMhud. 

Touch  is  fairly  developed,  and  probably  also  taste  and 
smell ;  though  as  to  the  laat  two  there  is  more  doubt.  On  the 
other  hand,  hearing  in  the  infant  is  very  imperfect;  power  to 
discriminate  between  the  pitch  and  quality  of  sounds  is  rudi- 
mentary; while  apprcriatinn  of  dirortion,  which  is  largely  tho 
result  of  experience,  is  necessarily  of  the  crudest. 

It  is  doubtfnl  if  the  middle  ear  is  propi-rly  pervious  to  air, 
on  wliich  it«  functioning  depends  greatly  for  some  time  after 
birth.  But.  certainly,  as  regards  the  processes  of  the  [>eripheral 
mechiinisms  of  the  senses,  the  child  that  has  passed  the  yoarg 
of  infancy  knows  a  perfection,  to  which  he  becomes  moro  and 
more  u  stranger  as  years  pass  by.  Later  he  will,  in  consecjueneo 
of  accumnlating  experience,  make  more  out  of  his  sensory 
data;  his  <rerobral  cortex  will  be  more  dcvelojied,  both  struct- 
urally and  functionally, 

Matnrity  (Puberty),— Tb< nigh  most  of  tho  organs  of  the  body 
,  continue  to  iuiprov.-,  and  certuiuly  thu  organism,  as  a  whole, 
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op  to  nliout  tliL-  fortieth  year  of  life  or  later,  pu1x-r1y  ts  that 
periud  of  life  which  is  most  remarkably  for  suddt-a,  »lriking  de- 
velopment, While  this  ia  In  some  respecta  most  pronounced  in 
the  sexual  organs  and  related  parts,  as  the  pelv-ts  and  mammnrj' 
gUnd.tof  the  fnmale,  yi>t  a  whole  host  of  other  changed  take 
place  simultaneously,  in  such  a  way  as  to  leave  no  doubt  thut 
they  are  related  to  those  of  the  sexual  organs.  Not  only  the 
chiirikcteri^tic  form  of  the  body,  but  the  psychic  peculiaritit-s  of 
the  soxes,  »ppi''ar  aud  become  fully  established  vfith  an  cxtraor- 
dinar)'  rajjidity. 

There  w,  therefore,  no  period  of  life  fraught  with  bo  much 
of  developmental  goot]  or  ill  as  puberty.  A  host  of  diBeases 
may  now  show  tlieniaelves,  according  to  the  laws  of  heredity, 
as  a  result  of  deticient  resistance,  ete. 

Th«  Sexet.— While  the  difforentiation  of  sex  becomes  gi-onlly 
more  pronounced  at  piilKTty,  there  are  decided  differences  Ix,- 
twecii  the  mule  and  fcuinle  infant.  The  male  from  birth  is  the 
talK'r  And  the  heuvier.  Thiit  inui|ual)ty  is  maintained  in  adult 
life.  The  averagi!  woman  is  Hliurtvr  and  lighti-r  than  tlie  man ; 
lier  muscular  and  bony  systems  are  less  developed,  both  abso- 
lutely and  relatively;  her  brain  is  somo  ounces  lighter;  her 
blood  ia  poorer  in  hiemoglobin,  of  lighter  specific  gravity,  and, 
as  a  whole,  less  in  r|uantity.  Woman's  metabnlism,  if  we  may 
judge  by  the  income  and  expenditure,  is  botti  absolutely  and 
relatively  lv»s.  Man's  pliysicol  strength  is  niiarly  double  that 
of  woman. 

These  facts  have  an  imfxirtant  bearing  on  some  of  the  burn- 
ing questions  of  the  day.  There  are,  it  vill  be  seen,  deep-lying 
differences  iK-tween  the  sexes,  which  can  not  be  iffuoreti  in  our 
education  and  riviliaation  generally,  without  running  counter 
to  that  M-xual  dilTerentiation  which  Nature,  through  long  ngee, 
has  bwn  bringing  toward  higher  nnd  higher  development. 

Old  Age. — From  middle  life  onward,  in  mo«t  iMsreons,  there 
is  a  gra<lual  prix;c»8  of  deterioration  going  on  in  ov'ery  tissue. 
Elasticity  diminishes  and  rigidity  of  tissues  bucumos  more  aud 
more  marked.  The  orterieB  imdergo  changes  which,  whether 
fatty  or  calcareous,  jfTi'atly  impair  their  usefolness;  the  carti- 
lages of  the  ribs  and  other  jiarts  tend  t^^  become  calcareous,  so 
that  the  chest-walls  posAess  less  of  eUwticity;  this,  combined 
with  a  geuoral  impairment  of  muscular  jx^wer,  lessens  the 
capability  of  thoracEo  movomoul.  Pntopla-sm  everywhere  has 
Ie00  vital  potential,  so  to  sp<>nk :  heuce  with  the  approach  of  old 
ago  we  often  find  adipose  tissue  in  excess.    It  becomes  a  bur- 
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den  to  an  already  wcnkcnod  or>£unUii).  Nervous  diml 
tend  more  uid  more  to  hv  »li>\r.  wvaik,  tiitd  to  tnko  tho  lit 
fixed  by  long  usage;  honce,  porliaps,  tliut  undue  conttervation 
of  mind  comiuou  to  tho  old ;  that  lack  of  (-nterpriso.  which  ii 
8ti'«?n;{thpned  by  the  conBcioasness  of  inability,  physical  and 
mental,  for  the  strain  of  new  nnderlakinps.  Hence  also  the 
nntumi  failure  of  acquiring  power  and  the  memory.  The 
judgfmeitt,  dependent  as  it  is  on  accumulating  experieiico,  im- 
proves. Willi  extreme  old  ago.  there  is  a  reversion  to  the 
infantile  condition,  marked  by  irritability  of  tissues,  wouk- 
netts,  etc. 

The  laws  nf  hnbit  and  rhythm  aro  illustrntcd  abundantly 
in  the  subji-cts  wu  have  boen  considering.  Rhythm  seoms  to 
be  a  sort  of  key-noto  to  the  interpretation  of  the  universe;  but 
since  we  have  frequently  referred  to  this  subject  thronghout 
the  volume,  it  will  not  l>e  further  dwelt  upon  now, 

CompaifttlTS.  —  All  mammals  have  their  periods  of  rapid 
growth,  slower  decay,  and  death.  Their  growth  is  usually 
more  rapid  than  man's,  and  as  their  whole  lives  are  shorter, 
with  few  exceptions,  tlieii-  rate  of  decay  is  faster.  Tlierc  are 
great  difforenccs  between  various  mainmnls  in  their  degrcv  of 
development  at  birth.  Among  some  (the  marsupials)  they 
separate  from  the  mother  internally,  to  become  attached  to  the 
nipples  externally  when  very  imperfectly  developed.  Though 
puppies,  kittens,  and  other  members  of  the  groups  to  which 
they  belong  (cornivora)  are  bom  with  the  eyes  unopened,  no 
mammal  is  so  helpless  a^  the  human  infant  when  ushered  into 
the  world.  Most  animals  learn  the  use  of  their  muscles,  and  to 
provide  for  themselves  in  a  very  short  period.  Slowness  of 
development  is,  however,  oven  among  the  lower  animals,  rr»>« 
quently  n.s90i-i«ted  with  tho  attainment  of  an  ultimately  higher 
functional  status,  and  the  precocious  child  should  l)e  the  object 
of  some  anxiety.  It  may  develop  into  a  prodigy  of  talent,  rise 
little  above  mediocrity,  or  become  the  subject  of  some  serious 
or  fatal  form  of  disease. 

It  is  important  to  recognize  that  sexual  maturity,  in  the 
HDM  of  ability  to  produce  ripe  ova  and  spermatoxoa,  does  not 
COrreBpond  with  the  full  development  of  the  animal ;  so  that  it 
may  be  as  unscientific  to  breed  together  animals  that  are  very 
young  as  those  that  are  decaying  from  age.  Kspecially  is  it 
undesirable  to  mate  two  very  young  or  very  old  animals.  Such 
a  principle  applit-s.  of  course,  also  to  man. 

Death.— If  the  continuance  of  life  is  dependent  on  the  cease- 
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1  BdnpUtiuii  of  iitU-mul  to  L'storaal  concUtions,  it  becomee 
don  tlijit  (leulh  nifiy  bu  said  Ut  bo  ovur  iiiimineDt ;  and  in  the 
highest  mHnimulK  tho  vital  orgauism  is  so  camplox  and  so 
delicately  balaneed,  that  it  is  niar%'eloiiH  that  life  lasts  so  long 
as  it  does.  Frw  animals  jiorish  from  simple  decay  leadiiiK  to  a 
lual  slowin^t  of  th»  vital  machinery,  down  to  zero,  so  to 
"qwak;  but  when  death  is  not  due  to  Wulence,  txs  it  frequontly 
is,  it  rather  ai-tse-ii  from  Home  esf^ential  part  getting  out  of  gear, 
either  directly  or  indirectly,  Si>  groat  is  the  need  of  a  constiuit 
supply  of  free  oxygon  in  the  mainnml,  that  an  arrest  of  the 
respiration  Hlwnys  implies  a  stoppnge  of  the  circulation.  These 
results  may  bu  brouuhl  abuut  by  the  dirt-ct  action  of  poisone«l 
blood  on  thu  lu<art,  ur  on  tho  uorvous  feutors  prusiding  over 
lungs,  heart,  and  other  organs.  Dealh  may  then  W  due  to 
central  influences,  though  finally  the  arrest  of  the  circulation 
ia  the  real  proximate  cause.  When  the  circulation  is  so  ar- 
rested that  it  can  not  be  started  again,  somatic  or  body  death 
must  follow,  which  is  to  be  distinguished  from  the  death  of 
the  individual  tiasues. 

Sniuatic  denth  marks  tbv  first  Btago  of  tho  return  of  a  vital 
organism  toward  thu  inorganic  world,  whence  it  was,  in  a 
soosc,  dorivod.  That  molecular  Arrungem«ut  or  movement 
peculiar  to  living  things  once  K^ing  (H<rmaneiitly  dcrunged, 
its  rosolution  into  thit  loss  complex  forms  of  the  inorganic 
compounds  spui'dily  follows,  though  tho  rate  will  depend  much 
upon  circumstances  in  any  individual  case.  Life  is  much 
mor»  of  a  mystery  than  death.  Physiology  attempts  to  dt*- 
tine  the  conditions  under  which  life  exists,  but  can  not  explain 
life  itself.    Will  it  ever  lift  the  veil  ? 


APPENDIX 


ANIMAL  CHEMISTRY. 

Ah  attempt  will  Ix;  mtw1«  in  th'n  chnpLrr  to  pro  a  brief  tM:c(nint  of 
Ow  principnl  Nihsliincm  rntirinif  inlii  nr  ilrrivnbln  from  tin:  miittiiiiAliiui 
btxl.r.  nr  mniltiiiK  frtini  iu  iiii'tuNiliHin.  Wo  nitir  rviieJil  iTuit,  iiiiitmiuch 
lu  chrniti'iil  Inxitini^Dt  kil1-i  living;  urKuiiitiuui,  we  cuti  only  kuow  the 
clicmicnt  cnnnlitutioD  of  the  ili'ud  Unly. 

Tlic  celU  und  limiira  of  Ui«  bod.v  of  a  miunmul  are  aitula  up  of  proto 
II,  vrbii^b  bfluujtv  to  that  lurtte  clan  of  bodies  kiiowu  as  prot«idK. 
raver,  it  is  seldom,  if  ever,  lliat  pura  protoplusiii  is  fount],  for  orcn 

lin  the  youD^;o»>t  cells  and  in  unicolliilar  aniitisls  sjid  plaRl;^  thi»  kuV 

rMiuico  usiiallycoDtainHsoniprcprmt^nlalivrKof  thccliw«uf  l>odirw  known 
as  carbohyilrntc*  »n<!  fat*,     i'rotojilniini  in,  morwivrr.  tlie  producer  or 

,  builder  of  Iwlb  falA  and  carbcthydmt'M,  »s  hiix  1>ccn  aliiwly  learnrd.     lo 

lODOMHisoiUl  tbochcinixtiy  of  tlii^  tmdy  ia  tlie  chemistry  of  proto]>liu»n, 
in  thikt  it  IK  either  by  one  or  oilier  iihoae  of  ttie  metubolisni  of  celts  that 
the  vdriousi  aocretionfl,  excrelioiw,  and  reserve  piiHluclit  of  oellii  arise. 
We  have  alK«dy  considered  this  aspect  of  the  subject  in  coimwtioo 
with  tlie  treatment  of  the  metabolism  of  tlic  animal  body,  and  sliall 

iBow  <lirect  altention  in  nioiv  detail  to  certain  chemical  fact*,  (rrotipings; 

land  principles,  laii^Iy  nntli  Uic  purpose  of  illustrating  the  nMMnblani.'ct 
Dtw«on  the  products  of  our  laboratorioa  and  of  our  bodies.    At  the 

'  nine  time  it  iji  to  be  Imnie  in  mind,  ax  wo  have  often  rwmark«l  in  the 
miiia  hiNly  ol  the  wurk,  that  wt<  ore  jfcinomlly  unable  lo  my  whether  the 
■ynthesn  and  unitlyM-.i  of  tlie  iKxly  n-winblr  ihcisri  niiulc  by  thv  cheinist 
in  the  laburutory  ur  nut.  Indeed,  the  ulmlu  nubjecl,  from  thia  point  of 
tiew,  is  aa  yet  lu  a  rery  crude  condition. 


PR(»TEinS. 

TheM  include  a  hirfcc  chuct  of  bodiwi  a*  yet  vrri-  inipcrf<«tlT  tind«r^ 
atood  dtoniieolly.    According  lo  Hoppo-Seyler,  the  following  percfiUto^ 
^eomposition  auiy  be  assigned  to  them  : 

O  N  H  0  8 

vy^hoii.         la-v-tro.  sa-rs.  »iftA<\         o«-*a 

tjBually  on  ignitwin  a  v«ry  amikU  quantity  of  anh  nmiains. 
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Proteids  are  unorphouB ;  insoluble  in  alcohol  ajid  ether :  aome  of 
tli«iD  soluble  in  irat«r ;  soluble  with  change  of  TODStJIUtion  in  Btrouic 
acids  and  iiltcatii?^.  and  lipvo-rolatory. 

TuU  for  Proteidi.— 1.  With  Millon'a  n«Knit  <tm-rciiry  dinolved  in 
iU  own  woi^litui  nitric  nci<U  and  the  wiliition  dilulrd  vrilh  twice  its 
rulutiir  (•(  wjilrri  a  prcvijuUilr,  ii'tKUTi.-d  red  by  boiling.  2.  £]eat««l 
•xMi  sininjf  nitric  lu-id.  tbry  iMTOomi'  yelluw.  On  adding  umnoiua  or 
cuuitk  aoda,  or  pota«h,  Uiu  ydlow  in  replaced  by  an  orange  (irantAtv 
proltic  Ttactioni,  A.  On  addinj;  cauKtic  alkali  and  a  drop  or  two  of 
COppesT  sulpluile,  a  violet  volur  i.-t  produced,  which  can  be  decpnicd  by 
boilins.  I.  Ti)  the  suspodod  tluid  lulil  iitoutrh  acetic  acid  to  render  it 
dccidnlly  arid,  and  thou  a  few  drujia  of  {Mtaisiuni  ferrucynnidc.  A 
whilL>  precipituli?  indicates  that  proteids  are  preaent.  5.  To  tbe  tluid 
roudei^  docidcdiy  ucid.  add  a  strong  solution  of  sudiuin  sulphate  and 
boil.     If  a  precipitate  falls,  some  proleid  was  present. 

^10  first  three  tests  are  the  moat  reliable,  and  apply  to  all  classca  of 
prataidi. 


PttOPERTIBS  AND  CuUtairiCATIOy  Of  THE  PltOTKIIW, 

I.  ffatire  ASrumitU. 

Thmc  orciir  nntunlly  in  the  liKtues  and  fluids  of  the  body.  Tbey 
are  soluble  in  water,  are  nut  thrown  down  by  the  alkaline  carbonatea, 
b\'  siKliuni  cliloridc.  or  by  ivry  diliito  Uicids.  Their  coagulation-point 
li<ui  IhjIow  70*  C.  Tlicy  umy  be  dried  with  change  of  color  lo  a  pale 
yellow,  liiit  i^iiiiiiii  soluble. 

1.  Egg-Albninia.— Thin  inay  be  obtained  for  puqiosM  of  experiment 
by  cutting  up  raw  white  of  eRK  with  scissors,  diluting  with  water,  ctrain- 
mg  through  cotton,  and  afl^rwai-d  tlirough  fllUir-piipcr.  The  rrwiUUng 
fluid  is  almost  rolorlew  nt  lln.1,  but  on  standing  darkens  nmdindly.  It 
may  be  prrciiiiutted  by  rtrimg  alcohol,  which  d«ic*  not  seem  l»i  iilti-r 
i(«  chrmiriil  constitution,  or  by  strong  «ri<l*.  wlu-n  »  groat  chcniicnl 
cluuigc  takf-H  place.  Various  miiienil  nalta,  na  iiilver  nitrate,  mercurio 
chloride,  etc..  form  with  otbuniiu  insoluble  coni|>rtUndii,  Whether  albu- 
min ever  exists  entirely  tre*  from  combiniilion  with  aalla  in  the  animal 
body  iiiaque§lion-,  probably  not. 

By  the  addition  of  rtrong  acetic  acid  or  caustic  alkali,  a  clear,  jelly- 
like  mam  resultii.  being,  in  the  first  case,  acid-albumin,  and  in  the  aceond 
olkati-albamin.     It  i-"  la-vo-rotatory  to  the  extent  of  wa"  (— 3S-a*>. 

3.  Serum- AlbanLLB. —This  compound  greatly  rcaemblcs  the  fongtrfng, 
but  may  l>e  ilisliiiKuished  by  Ihg  following  cbaiact«rii»i«:  fa)  Serom- 
nlbumin  is  not,  like  egg-albnniin,  enagulated  by  ether.  (&)  Serum-albu- 
min i»  lii«a  readily  coa?»laU-d  by  strong  hydrochloric  add,  and  any  i>re- 
cipitate  formed  is  ciudly  diwcolved  by  exrnn  of  acid,  in  whkb  Kapeets  it 
is  the  reverse  of  «^:g-nlbumin.  <c)  Coftir"ilat"d  WTum-albumio  is  readily 
soluble  in  strong  nitric  acid,  tlie  revcrw-  holding  fi>r  egg-albumin.  (</) 
Tlie  specitir  rotation  of  egg-albumin  in  — 35'S°:  of  scrara-albumtu.  —88*. 
(f)  Scmm-olbumm  oocura  m  blood,  lymph, chyle,  railit,  and  pathological 
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Uunsudatioits  ;  and,  wben  injected  into  Die  blood,  dom  not  rrappNir  in 
ihe  lmni\  wliilp  the  iiijretioii  of  rgg  iillniniin  i»  followed  by  iU  npp«'ilr- 
anc«  in  thi?  nritir  np{uircntly  utmltcntl.  In  fiit-t,  thin  fonD  of  proltid 
conatitiitcM  n  tn^'t  P")^  "f  tliu  "aJbumiii"  of  the  urine  uf  uucb  styuitl- 
canoe  in  luithulofficttl  rouditiuux.  Hovrevcr,  btctcasing  kuowledge  sMrua 
to  point  til  thv  "lUbuDiin  "  of  thc>  urinv,  Hke  uuaiy  other  forms  of  pro- 
tvid.  U-iufc  mure  complex  llian  was  oi>c«  sujipased. 

IL  Dtrictd  AlbHmina  (Albuminalm). 

1.  Acitl-AlbuBtin.— Tbb  may  bf  formed  by  lh«  addition  of  a  strong 
acid  tu  t')% -album in,  or,  more  gmdiutUy,  by  bcMting  u,  wuoker  iwlutioD 
of  cggf^buinin  with  an  extramely  dilute  odd. 

Acid-albumin  If  clian»ct*ria«i  by  non-prccipilAlian  on  holUnif,  com- 
plete prccipitalion  im  Ihu  iidiliiton  of  ii  dilute  iilkuli  to  the  pi'iiut  of  nen- 
tntliMilion—tlutt  iis  ncid-nlbutniti  a  itwoluble  in  water  or  hucIi  like  neu- 
tral liipiiiU.     It  III  Kolubli!  in  nn  rxcot*  of  add  w  of  alkuli. 

By  trMtitiir  tinrly  mint'vd  miincltt  with  n  wi^ik  acid,  a  nulMtiini-e  is 
obtain«d  not  readily  diHliniruiHlinbl«  from  iicid-ulbuiniii,  but  kuowu  as 
gyntonin.  Thiv  ia  probably  not  id«'nti«i)  witli  acid-albutniii  an  formed 
by  thr  nif^tliuil  indiottHl  ul»>ve,  tliougb  it  diutinguishiog  tc*t  of  a  wholly 
mtti^nclory  ohiirficler  Li  m>t  known.  Nriith^-r  thin  sulnttnnco  nor  ikcid- 
albumiii  rouKidalea  on  boiling;,  in  which  it  binrs  a  rrsoublnure  to  p<tp- 
tuni'.  The  ftarappptone  of  di^iliun  !»ecnw  to  bn  very  himilop  to  aoid- 
albuniin.  A  solution  of  acid -albumin  in  acid  niiij'  bo  prccii^tatod  by 
the  addition  of  au  excea>  of  ooumion  aail. 

8,  Alkali-AlbumllL^ThiB  oorrespondit  to  tbo  foregoinir.  and  nuky  be 
formed  in  a  Hiinilaj-  way  by  the  uddilioii  of  iiti  niknii  instead  of  an  arid. 
It  is  not  coaculuble  on  builint;,  and  Ls  prrcipitaKrd  by  dilnlo  acid,  in 
en>e»  of  wliit-b  ami  of  alkuli  it  iit  aoluble,  but,  like  add-nlbumin,  it  in- 
soluble in  water  uTid  aolution  of  neutntl  aulbi.  Tim  xpvdfic  rotatinn 
vimee  with  the  mode  of  pn>i»ration,  from  which,  at  well  im  on  other 
grounds,  il  is  mort^  than  likely  lliat  tliore  are  diffe»nt  kind*  of  alkuli- 
albumin.  It  w  hinbly  probable  tlmt  nrid-albiiniin  and  alknli-idhumin 
are  com  bi  nut  ion »  of  an  acid  or  an  ulknii.  as  tl>e  nmc  niny  >»,  with  albu- 
min, and  tlijit  thr  n^ttmlintion  ]>mcipitnte  b  no4  hi  ilwlf  dtber  nn«  or 
the  other. 

S.  OMdn.— Thin  subfttanoe  in  the  proteid  most  olinrarteriKtic  of  mtik, 
from  which  it  may  be  obtained  by  dilution  ten  to  fifteen  time*  with  water, 
aiUtinjT  acrtio  aoid  till  a  precipitate^  bctrins  lo  form,  and  then  sending  B 
current  of  OO.  through  the  fluid.  Aft^-r  islanding,  the  precipitate  may 
be  collected  in  a  lilter.  It  is  fr«il  fr.>m  rsIIj^  Hugnr.  fal,  etc.,  by  fl«t 
washing  with  wnter  ami  then  wilb  alcohol  cind  ether. 

It  is  so  like  alkali-albumin  that  there  \*  no  ngn-cmrnt  yet  n»  lo  the 
differeitces  between  Ihfm.  However,  the  preMrutv  in  milk  of  potassium 
]>hoaphate  modifies  the  iractionB  of  cu«etn  in  iJifa  fluid.  It  nwiy  In-  precipi- 
tated also  by  adding  mngnnniini  mdphate  lo  auluratioii  lo  tutlk.  This  pre- 
cipitate is.  huucver.FOxilywihible  in  water.  TlieApwifIc  rotation  ofcosein, 
whcD  in  solution  iu  water  u  ~80*,  but  in  other  solutions  is  different. 
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UI.  Olobuliru. 

This  clim  of  bodies  is  ehftntotoriied  by  beimr  iiwoluWc  in  water,  solii- 
lilp  in  ililute  Mdine  nlutioDB  (wpocially  ftoOium  tliloridei  :  soluble  m 
diJiil*  iK-ids  uiii  ulkiiliwi,  wlmii  \bty  arc  irai)sforiu«d  iulo  ruiid-albumiu 
uiiil  itlkidi-ulbuiiiin  nwixvlively.  Mu«l  of  the  globulum  urn  pnxiipihit«l 
by  xaiurntiou  witli  nulid  Kodium  cliloriilo. 

1.  Globulin  (C'ryhlttllinj.— Wbeu  Uiu  crjulnlliiie  leiw  of  ihe  ryv  ix 
rublHtl  up  with  liufisaiid  und  oxlrnciwl  with  water,  upon  nitration  lu.d 
p&saiDg  ■  rtnuini  of  carbon  (lioKido  ilu-ounb  tlip  Hltrate,  u  piwipitnlinn 
of  globulin  it  obtaiiifd.  TlHingh  slrotufl.v  r.-«cmbling  paragtoUiUn  aud 
fihritiiig,-!!.  ii  is  not  kiii>n-ii  to  fiivor  flbrin-furniattmi. 

2.  Paraglobulin  (Fibi-idoi>liwtiiij,— Tbw  bwty  may  bo  obtained  from 
I)l«)od-«-ruiii  by  iiHBsuig  through  it  a  current  of  oirlwnic  anhydride, 
when  u  tlowiilcnt  jireoipitatc  falls,  wbicli  bti-r  Ij.i-cimw  very  linrly  gran-i 
ulai-,  and  nmy  Iw  hopnmtwl  by  Jlltration.     Addition  nf  "solid  soditi 
chloridL-  pm-ipiutes  this  wibBtante  only  in  iwrt.      ll  in  vrrj-  iradilj 
cbfliiged  int-j  lUkali-albutnin,  and  still  more  w>  to  acid-albiiniin.  by  mldi-l 
lion  of  dilute  allcaliot  or  acidfl,    Tbb.  b<>dy  is  not  easily  preciiiilulwJ  by 
alcohol.    Ita  congulatinti -point  is  alwiil  7u'  C. 

Puraglobulin  lum  been  found  in  blood-seruui,  lymph,  chyle,  Mroiu 
fluids,  thi>  aquooua  bumor,  tlie  cornea,  conucotivc  litsue,  and  in  tlio  ; 
und  cidored  corpnscles.     It  occasionally  appoai«  iu  urine  lut  a  pat! 
logical  product. 

rt.  Fibriaogeil.—W'bilr'  greatly  rsu-mbling  paraglobulin  lu  uio«it 
oliaractmstiM,  llie  cougnUtion-|>oiut  is  difTercnt,  being  SS*  to  GS*  when 
in  solution  in  dilute  Kodiuni  i-hlorido.  It  is  not  so  rendily  prccipit 
fntin  diluted  snlntiouK  mi  the  body  pcevioiisly  dtscrilml.  and  is  viscon 
i-ailu-r  than  granular. 

It  may  lie  obtained  from  blood-p1a«ma  by  npecial  pncnutiotiK,  though 
more  wailily  from  bydrot'eJo-flaid.  Fibrinogen  occur*  in  blood,  ehylo, 
serous  fluids,  and  numerous  ti'an.'xidiUtonH.  It  hn>  been  considered  by 
many  obsep\'ers  to  be  ewential  in  the  fi>nniition  of  librin. 

•1,  Hyotiu.  aa  its  luuue  implies,  is  derivitblu  fmni  muNcli^-plimnn,  nnd 
may  be  regarded  aa  the  latter  siihsJanee  in  an  nlliTt-d  form.  It  nwy  b« 
piTpnred  fiom  waahed  muscle,  by  IrcatmrnI  with  a  ieii-pi-r-ecnt  solution 
of  (fimmou  salt,  and  <lropping  the  viwiid  product  slowly  into  distilled 
waicT,  when  it  falls  w  a  flooculcnt,  whitish  pn'cipilate.  It  is  readily  cott- 
verted  into  xyntontn  (a  form  of  acid-nlbuinin,  us  has  bevn  pointed  out) 
by  aeid.i,  and  into  alkali -album  in  by  alkalies.  In  very  weak  adds  andj 
alkalies  it  is  soluble  without  mnrenion  into  a  different  suUtancc  Tbo 
«oagulat)on-polnt  of  myosin  is  low,  55'  to  Q0°  C. 

5,  Titcllin,— This  bo<ly.  probably  united  with  lecithin,  is  tlie  cbinf 
protcid  i-onfiliiuent  of  Ihe  yelk  of  egg.  from  which  it  is  u.iually  prepared. 
It  ditri-rs  from  nioxl  »f  the  globulins  In  not  being  pnxipitated  front  ita 
wlulions  by  -Hxliuin  rhluridi.-.  Tha  couifuIation-iK>int  lies  betwoea  70* 
and  80°  C. 

0.  Globln  is  a  doubtful  iiiembtu-  of  this  class.    It  is  regarded  as  tltt  j 
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tmtdd  residue  of  haemoglobin.  1l  i«  not  easily  «o1iib1»  in  dilute  acidt 
or  sodium  ohlondo,  lu-nce  it  u  niili  tivsiUiliou  nuiked  witti  Uie  o4b«r 
^obuUns. 

IV.  Fibrin. 

Tbia  I>od,v  has  poctiliaritidi  wlii4;1i  w«miul,  in  tlu>  ftfseat  Rtut«  of  our 
kuowledfo,  ito  mporadmi  froni  llii.'  fon-Kouig  oiid  |>lii4.'iiig  It  in  a  sepa- 
rate division.  It  ia  injtoluble  in  wuti^r  aiiil  dilute  solutions  of  sodium 
chloride :  di»olvrd  onljr  with  dilllculty  lo  cuuocutrutcd  nvutnU  sulino 
solutioiui,  uod  in  dilute  ucida  aud  alkaliiefi. 

Fibrin  is  highly  cliudic.  It  iUwafS  swells  ua<ler  tli«  artioR  of  vtmk 
(1  to  S  prr  cinit)  hvdroL-lilorii^  acid.  But  eoiilinui,-d  aclioti  of  tlu>  ucid 
chiintnTW  th<'  fibrin  U>  nyntouin.  Hcatt  hastvus  the  proc«(SL  By  Ibe  uc- 
tjon  i.f  idkulii'H,  f.ipooiiill.v  when  aided  by  vnuniing.  fibrin  i*  converted 
into  alkuli-atbtitnin.  By  the  i>roliiiigod  action  of  xilutiouH  of  »ndiunk 
ehl<»ride  (10  )>er  cent),  Hodiuni  su1i>hute,  etc..  convondon  into  ■  Mib)dAnc« 
very  like  myooiu  or  Klohuliu  ia  effectetl.  Myosin  amy  be  regarded  ua 
Ml  iuterroediate  imMluct,  lying  between  globulin  and  fibrin.  This  be- 
comes cli-ar  when  cuinpuring  tlieir  respective  solubdlitiek  iu  a  ten-per- 
cent solution  of  Bodiiiiu  I'liloriile.  Fibrin  and  myosin,  it  will  be  r«- 
ineinb«r«d,  are  both  the  product*  of  coagulalion  proceescK,  The  highly 
fllamentous  ohamcler  of  llbrin  distinguisbaa  it  phyucully  fivui  all  ulher 
proleid*. 

V.  CoagulatftI  ProleidM. 

This  clasK  of  bodiw  may  be  oblaioKl  from  a  variety  of  others  by  the 
use  of  heat,  (tlcohnl,  ndds.  etc.  l)y  heating  to  about  70*  C.  solutions  of 
t^Cgralbumin,  K-nini-albiimin,  nnd  glolnilinii  are  coui^lated.  Preciju- 
taled  aeicl-alhuiiiin  and  alkidi -albumin,  and  fibrin  in  nohition  in  salin^vt, 
are  (vinvirrli-d  into  c^miirulatiil  )>riili'i<U  by  Iniliiij;,  Tlii-  diffestive  juices 
act  readily  on  tlietii,  conwrtiiiK  tlnin  linatly  inti>  pe|iloiieK. 

VL  Pcptonf*. 

Peptones  are  proleids  wlucli,  tliough  )iottwaainit  little  absolute  diffti- 
libility.  as  oompiu«d  nith  solutions  of  ordinary  Mdts,  yet  paM  thiDUgh 
■raimal  membranes  with  inuch  ifreater  reudiiiesn  tluui  any  other  protada, 
.Vlwi,  unlike  mo«t  other  prnteids.  Ilicy  are  not  eoagidaled  by  boiling. 
Tliey  aril  nnt  precij>italcd  by  cupric  sulpliale,  ferric  chloride,  nor  usually 
by  p(>ui«iium  ferrocyanide  and  soetic  acid.  Though  precipitated  liy 
alcohol  front  solution  in  water,  Ihey  do  not  undergo  n  tnie  eougulalion, 
ereu  after  standing  long  under  this  liquid. 

Peplonea  uri.'  ciraifuliiti'd  by  ehliirinv.  indint',  tannin,  tltc  nilnlea  of 
merruri'  and  silver,  iix-rcuric  rhhiridi-,  and  Uie  lead  OLtflatee.  A  mere 
Imce  of  euprie  sulphate  to  whii-h  u  strong  hulutiun  of  caitttlc  alkali  has 
been  afUled,  introduceil  into  a  solution  of  peptoiwH,  ((jvcs  rb«  to  a  rerf 
(pink)  color.  If  more  lluui  a  tntee  of  tJte  copper  salt  be  added,  the  usnal 
proleid  reaction  results. 

Peptonmmay  be  formed  Ihrouch  the  action  of  dilute  or  stronger 
aridji  at  nieiliuni  tenipemlutrv.  or  by  tlie  aolMm  of  dintiUed  water  boated 
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aboTV  the  boiUn^]>oint  und«r  pressure  In  ft  special  aitixuntus.  Th«  lunMl 
tuoUiad  in,  however.  li,v  tlic  uciiou  of  gastric  or  paocreatio  Juice  uu  whiiw 
of  egg  or  oilier  Uinii  of  pruteid, 

It  wenu  mure  ihnn  probable  tlial  tlie  bodim  foniml  by  th«  differenl 
method);  indicated  abcnra  ant  not  identical,  llioutfli  hnviag  taaiiy  proper- 
tiee  in  n>iiimuii.  Betwcon  thv  original  protoid  and  rho  poptoni?  other 
bodim  t^m^iii  tti  hp  f<»nii)'d  eitlier  as  by-products  or  ax  intcmwdiate  bod- 
Ks,  and  the  reliilion  of  theav  faaa  been  expresMed  in  tnbutur  form  tFoster) 
tJiua  : 

Drfinnjmnlion  of  />»frii/ii  lij/  iJijirrfiOM. 

Albumin.  ^ 

{  I '■ 1  I 

£  I  AntialiniiaoM,  ilriiiiiklbuinoat^  f 

V         , \ .  I  ^ 


.%  L  Aiitipcptcina. 


Aiiiipcptonc 


Ilcilll)>C|lt'llll!. 

I.<?ii(>in.    Tj-Pii*m, 
elf. 


I  .i 

llpml)H'ptone.    \  w 

I  i        -1 

l^iunti.   Triiwln,  I  E 


Uecompotition  bg  Aei4*. 

I. 

Uy  -35  i*T  cvnt  tICt  tX  40*  0. 

.\  Ibumlii. 


An  I  iel  till  main. 


Acitial  >uniid. 


Ilemulbu 


mmt. 


nemi|».'H"n«-         Ilciiii]H'p(Da& 


Antial 


Itiiinild. 


Br  S  to  S  i«r  cent  HiSO,  ai  100'  C. 
Albainin. 
_1_ 


llcmlBluuiiMM. 

t 


ntmllN-plone.  nMnlpeptonib 

Lcucin.  TjToBin,  etc.       Lciicin,  Tyrain.  mv. 

It  will  beobttrred  that  ftntiiilbiiOHiM.- qui)  hemialbumoae  are  intei^ 
mcdiuti!  products  of  tUgeation.  aud  they  oc<.-ur  in  both  peptic  aud  trypiic 
digeetiou. 

Antialbuniale  takoa  the  phu»  of  anttalbumoee  wlten  atbomin  ii*  dl- 
gmted  vritli  dilute  hydrochloric  acid  at  -lO"  C,  or  irh«n  peptic  digeelJon 
IK  nnt  normally  active.  It  can  lie  ch«n)rGd  into  |>eptoii«  by  Irypein,  hut 
not  by  p'pnii,  and  hcciiik  to  oorraxpond  n-ith  the  pAra]K>plone  of  some 
autliom  (MfLiKn<'r),     Tiie  table  i«  nlw>  nieiuit  to  indintc  tliat  untiajbih 
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Bud  liemiKlbiitnoM  bolh  n^ull  fmm  pcplic  digestion,  and  it  ia 
satiuocd  that  tlic«e  both  iiplit  up  into  Iwn  moliynilm  of  ontipoptoHi-  or 
heiTii peptone,  according  ns  Ih^-  dijrcstinn  is  ciltirr  [H-ptic  or  trrplic.  Evi- 
dently, trjTiMn  carrinf  llie  pp<irc«w.'»  murJi  furtlii-r  ihnti  p<'i>nin. 

VII.  Lanlaeein  (Aui.vloid  t^ubstancej. 

This  body  t»  not  found  In  the  tlieiuui  in  health,  but  rmiilu  from  n 
pathological  process,  imd  is  mo&t  fruiu<!Ull.v  found  in  thu  sptwn,  liver, 
kidn^yn,  lungs,  blood-Teaseb.,  ^tc.  It  eoliiiisl.H  of  CHNO  imd  a  littli-  nul- 
phur  in  some  oxidixcd  form.  It  is  insoluble  iu  water,  dilulo  acids  and 
alloilieH,  and  neutral  saliike  solutions.  Like  otber  pntieidx,  it  ran  1m  con- 
verted into  acid-«lbumiD  and  sikali-albumiu;  but.  unlike  all  other  pra- 
teida,  it  U  not  affected  by  the  digestive  juicen.  It  may  bo  roco^^zed  by 
giving  a  re<I  color  witii  iodins,  and  a  violet  or  blue  wlien  heated  tritb 
iodine  and  ciilphuric  ncid. 

Wo  arc  Ktill  in  igiiomnee  of  the  real  molectilor  coniititution  of  pro- 
tciiU,  nnd  our  whoU-  knowledge  of  lliin  cliu«  of  Iioilie*  iti  in  the  vmpirieal 
mthcr  llinn  tin.-  wiwilitic  slujcr. 

NmtOOHNOCK  NOK-CKYSTALLm  BODIKS  AUJKD  tO  PbOTIODB. 
These  bodies  raemble  each  other  much  leas  ihiin  the  proteida  proper  : 

L  Kneia  (CHNO). 

It  b  tlie  characteristic  body  of  mucus,  which  aboundii  in  the  bile  of 
tlis  gall'bladder  and  in  snails,  from  either  of  which  il  may  be  ]>repareil. 
It  may  be  preri  pita  ted  fron)  itH  KoUitiouw  by  alcohol,  iilimi.  mineral  acids, 
and  acetic  acid.  The  prwipilate  is  diwolvod  by  cxccsk  of  mineral  acids, 
but  not  by  acetic  acid,  so  tluit  the  latter  forms  one  of  the  hot  tests  for 
mucin. 

SL  Ohondrin  fCHNOS). 

Tliis  substance  may  be  extracted  from  hyaline  cartitag«,  and  l«t« 
«o«ly  from  elastic  cartilage.  It  roadily  getatinisuM  from  ila  soliilions  on 
standing;  is  soluble  in  hot  wahr,  nlknlicos  and  ammoninL  insoluble  in 
cold  wat»r.  It  is  very  doiiblful  whether  chondrin  of  itself  exists  in  car- 
liliige :  it  is  more  likely  an  allied  product. 

3.  OeUtin.  or  Olntin  (CHNOSi. 

This  suhntiiiice  iiiay  t»e  obtained  by  heating  connective  tissue  for  days 
witli  dilute  nci-tic  aeiil  at  about  IS",  or  by  {wolouged  treatiueut  with 
water  under  high  pressures,  Il  (orma.  when  not  pure,  the  welMtnown 
"glue.**  Though  swelling  in  cold  water,  it  does  not  dissolve;  but  is 
FKidtly  wlublc  in  w.irm  water.  It  forms  jnaoluble  precipitates  witli  tan- 
nic iK'id  and  niercnrie  chloride. 

4.  EUstin  (rHXO). 

TliiH  i.H  one  of  ihn  most  insoluble  substances  derivable  from  animal 
Uaaueo.  It,  however,  yicUls  to  connintnited  nitric  an<t  sulphuric  acids 
In  the  cold  and  to  boiling  Hlkali<«,  and  may  be  precipilatiHl  front  its  solu- 
tions by  tannic  ncid.  Tho  xulwtance  is  brst  obtained  from  tlie  lig»- 
menlum  nucha'  of  the  ox. 
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5.  Kentin  (CHNOS). 
It  malrat  up  n  lurjic  purl  of  lioni,  Imir,  nnilH,  fcatli«nt,  and  U  uUo  ■ 

highly  inNihibli'  IhmI^.     In  all  probublUlr  it  Is  nol  a  simple  substaooe. 

6.  Hndein  (CHNOP). 
Thb  body  is  dL-nvuble  from  Uic  nuclei  of  celU,  from  yeest,  eetM 

nnd  from  Ihi-  yellow  curpuBelu  of  tlie  yi-lk  of  of^gH.     It  is  iliglitly  «oI« 
bic  ill  water,  euiiily  so  in  ulkalies,  tlmii^h  tlit?  tuthibility  cbangrv  on  . 
iii^.     It  in  be-il  prt>i>a)'ed  fi'oni  ptiA-corpii«clf«.  and  conlflinit  m  no 
larse  quautlly  of  pliosphonu — niue  lo  ten  ]>or  cent. 

7.  Chitln  (CHNO). 

Though  not  occurring  in  appreciable  (|Uftulity.  at  all  rv^nt»  in  tlif 
body  of  the  nnimmal,  it  i)ia1(e«i  up  a  good  part  of  the  liaixl  txtvcriiig  of 
iusocta,  criiKlncciinN  t^tc.  It  bos  been  rvganltd  aa  atuJogoua  to  the  eWtn- 
loee  of  plnntK.  It  i*  a  highly  insoluble  subelanvo,  rMisling  all  rmgvnts 
except  Klning  niinmil  arid*.  Jt  nmy  bo  obtained  \mn,  as  a  white  aniop- 
pbouji  body.  Ttiv  iiuolubility  of  liie  aborc  ]mMhtc(«  ns  a  elint  i«  mnork* 
kUo.  Mint  of  thcro  yi«ld  6itlu:r  Icucin  or  tyrosin.  or  both.  uiidi.T  liydro- 
lytic  Iruittnt^nt.  Tb«ir  relatiomi  are  very  ill  undrn>tood,  nnd  it  in  dinibt- 
ful  if  any  of  ibeiii  an.'  niinplc  sulmtanc^ni,  or  rsint  a*  such  in  tlie  tixMiw 
from  u'hioli  they  ure  extrac-ttd  with  sn  inncb  ilifHcutlj  in  nxeit  inslancnt. 
_iio  attentpt  has  been  made  lo  frivc  the  iwrceiitap;  cuntpoution  of  the 
Live  bodias. 

Cabbobvciutes. 

Of  Uiiit  claw  glyt.-ogen,  dextrose  fgnipiHinifar.  glticoae),  maltow,  milk- 
sugar,  anil  inofit  occur  normally  in  iJii-  niaiuinallau  body. 

The  exact  rhcniical  constitution  and  relations  of  the  augant  ar«  still 
under  di$cua«ion  ;  we  shall,  therefore,  pass  this  subject  over  ta  this  brief 
outlintt. 

1.  Dextrose  ((rrapp-suftapi.    C.HnOt. 

Tlio  ocL-urnance  of  Ihia  body  in  tJie  various  fluids  and  tiasuea  has  been 
already  (.-oiifiidi-'red. 

This  HUgur  rryslallitcs  from  aqueous  solutioua  iu  prisms,  whioh  may 
be  a^glutiuatetl  into  lumps,  and  is,  when  chemically  pure,  oolorleaa, 
readily  soluble  in  warm  water,  more  slowly  soluble  in  cold  irater,  spar- 
ingly soluble  iu  alcohol,  and  insoluble  in  ether.  Spccillc  rolaliofi, 
+  104" — i.e..  dextro-rotatory  KM'  for  yeUow  light.  In  tho  prawDCOof 
y«Mt-«ollft  and  ut  a  tompcratitTT  of  fromS' tu-lG'C.  (Ixvl  at  uKnit  3r>*C.). 
dcurtrotte  undergoes  the  alcoholic  fermentation.  TIm-  raiition.t  uiny  bo 
thuK«xpremi>d: 

C.R..O.  =  sc,n..on  +  scx)., 

In  the  presence  of  deoomiuieing  nitrogctioun  matter,  as  the  casein  of 
milk,  the  Iodic  furinentatiun  rMolls. 
React  ions: 

(o)  C.H..O.  =  2C>H.0>. 

LarKc  Kold. 

(6)  8C.H.0.  =  C.n.O,  +  800.  +  2H.. 
Duirric  tcU. 
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A  («uii)«rfttur«  of  n1>ont  .I.*!*  C.  in  t1i(  mn«t  FnTomblc  for  tfaia  fomica- 
tutiun.  I>oxtroMi  imdily  rvdtiCM  <-np|)er  .snltx  in  tliu  pnvenco  of  coUNtic 
alkali. 

Hftltow.    C'..II»0,.. 

Thi.H  suiicnr  maj-  be  artillciully  produoi'd  1>y  the  action  of  diattat*,  » 
rrrmeiit  ubluiu«il  fnnii  Duilted  bnrley,  on  March. 

3C.U,.0.  +  H.O  =  C.tH..O..  +  CJI»(V 

Hlari'h.  JdAlljM*.  Dntrte. 

It  mo;  ol»o  bo  fnrniitl  b}-  the  iictiim  of  dilute  Hulplitirio  arid  on 
starch.  Ilrvclufctkoopporsalix;  in  dexin>-r<itutiirj' ;  f<rTiii>iit!(  with  jri^aiil, 
niul  pr>-»lulli»?t  in  tli)L<  n«Hlli-«.  It  seeius  Ui  be  Ibe  priuciiHil  xufcmr 
foruint  in  tbu  nutuntl  <b^i«livc  jn-ocesaes. 

MUk-Sngar  dnctomi.    dtHnOti. 

TliiH  form  of  lugar  ia  foutitl  in  the  milk  of  aJl  itnlmals  nomiatly,  and 
ocauionally  in  tltu  urinu  of  uiiituuls  duriri);  Wlulion. 

It  cryidulU&M  in  rlioinbic-  priauis ;  ibt  taste  u  tiligbtly  HweetiHli :  in 
desUi>-rutal(>ry  :  mucb  1««  soluble  iu  waler  lliou  caD(^«tig«r.  When 
the  lactow  of  iiullc  fennentu;  it  bruuka  up  into  alcohol  and  luetic  aeid, 
hence  the  soiiriit)f  of  itiilk.  It  Kduceo  solutions  of  ooppor  oolts,  but  lou 
perfectly  than  dextrose,  and  ta  dextro-rotatory. 

Inoiit.     C.B..O.. 

This  Hubi^taiice  bus  been  obtained  sparingly  from  the  muaclo^ell*  o( 
the  heart  and  from  some  other  organs.  It  crj-HluUtEO  iu  rhombic 
primMi  rmdily  soluble  in  iralerbut  iniiotuble  In  alcohol  nud  ether.  Tbls 
sugar  baa  no  K)>ccilic  action  on  li^'lit,  and  is  suscv{itih)e  ol  the  tactic  fe^ 
inentalion. 

Dezain.    c.n,.o». 

This  Miibfltancc  may  be  formed  by  tlie  action  of  dilute  acids  on  slan-h, 
or  by  the  artion  of  diastase  on  the  same  body.  It  in  stronjfly  ilextro- 
rotatory,  dowt  not  reduce  aolutious  of  oopjinr  salts,  firiws  a  nxl  rolor 
with  iodine,  t»  unlublo  in  wulcr.  and  prvcipitatoil  by  olcoliol.  It  is  a 
product  of  both  urtiHciitl  and  nulural  diguMlion. 

By  tlie  iK-ti(iTi  of  nci<U  anil  ferments  on  Mtarrh,  certain  inodiRmtioas 
of  dextrin  »ru  fcmii^d.  Of  thp»e,  erythrodrxtrin  betoinw  (cujtiir  by  Ihr 
continued  action  of  fomn-ntt.  AchnMNlcxtrin  rf-inain>i  uualtetvil  and  i» 
ctiaracterii«d  by  giving  iici  rwl  color  wilJi  ioOine.  II  may  be  converted 
into  doxtnwu  by  boitiiii;  witii  dilute  bydruobluric  arid. 

Olycogea,    C.li,.0., 

Thi»  sul>stjinco  is  pretty  widely  diitributtnt  in  tlie  orfranit  of  th*  body 
eapocially  in  the  mammalian  fictUH,  and  iit  found  in  abiindniiee  in  the 
lirer  of  Uio  wlult  in  bolh  vcrt^'brulea  und  inv.rtrbmt<fl.  ftlycnp'n  whrn 
pure  is  wliitv,  amiir]ihoiiK,  tuslehwi,  cattily  wiliibic  in  water,  insoluble  in 
alcohol  and  etlier.  highly  dextro-rotatory,  and  does  not  rvduce  metallic 
oxidoa.  It  b  changed  by  the  digestive  feratmta  into  a  form  of  sugar 
and  cf  dextrin,  and  gives  a  red  (jtort-wine)  color  with  iodinet.  which  dia- 
appears  on  warmbig  but  retunu  on  cooling,  by  which  Lit(«r  it  is  diatin- 
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ffunhrd  rmm  drxtriii.  It  in  Imt  cxIraoUd  from  lii«  liver,  removed  cut 
soon  iLt  iKK«al)Ic  idlur  kiJIiug  an  uoiuial  aiul  nutioed,l>,r  boUiug  «-ut«?, 
lltoti  purilU>d  and  {itifi|)iUit»L 

TuaioiiL    C.B.>04. 

Tlib  body  is  closely  allied  to  the  sellolofla  of  pknU,  and  forms  the 
gRoter  punof  die  integunioiit  of  a«idiaii80(rtniueat«iL.   LilradiUin,  il  isj 
exlrecuely  iusoluble. 

Fats,  Patty  Aoids,  kto. 

Qeueral  fonuula  of  series  :  C.B»,0.  or  CH^.i-COiH. 

The  fatty  acid  series  luwwen  to  the  series  of  nionalomto  alcohols: 
thus,  fonnip  sc-id  corresponds  to  methyl  alcuhol,  ami  ot-etic  acid  to  ethyl 
or  ordinary  aUwhol. 

CH,0  +  0,  =  CH.O,  +  n.O.  or 
C.H..OH  +  O.  =  CH..CO.OU  +  H.O. 

Trotn  which  it  appears  tliitt  0  Iirh  tnlcon  the  place  of  Ht  in  Uie  al<i>- 
hol  to  form  the  acid— i.  e.,  tlic  acid  is  an  oxidixcd  alcohol.    The  toweisl , 
mcmbivs  of  the  liiie  are  vohitilc  Hquidit  with  ulrongiy  acid  reactionSLj 
As  the  iterieA  la  aAoendud,  fluidity  diiniiiiidics.  and  finally  the  Mridn  are 
solids,  {;rt!»tly  rvM-mbliiiii'  Ihs  iicutnd  fitts  in  upjieuranoe. 

The  derivntivettof  the  fatty  uctd.t  ure  vory  iiuporlimt  in  the  anims 
economy,  but  the  free  acidn  occur  siwriiigly. 

Fonnie  afdd.     H.CO,H. 

A  sli'onjily  poiTiiMv*!  li*iiiiil,  bdilmjr  at  100'  C,  Ktltdifyinj;  at  0'.  and 
mixing  rivulily  with  water  uud  idcubol.  It  has  been  extnicled  from 
various  oreuns. 

Aoetlo  uid.    CH..CO.H. 
An  nrid  liquid  of  charoctitristic  odor,  b»ilini;  at  117*  C,  ftolidif>-ing  at 
0'  C.     Rmiiily  niiscible  with  aleohol  aitd  wat*r. 

It  iiftci)  iKviira  ill  Uie  Htomach.  from  fermentative  cbanfcs, 

Prepioaic  acid.    C.H..CO.H. 

Resembles  aco^  ttcid,  snlublo  in  water  and  boilin|[  at  141"  C.  Tl 
is  found  in  pnrapiratlon.  the  stomuch,  diabetie  urine  when  fcmient- 
ing.  etc, 

Bntyrlo  acid.    C.H..Cn,H. 

An  oily,  coliirlti-et  liquid,  with  the  sinell  of  rancid  butter,  solubk-  in 
wilier,  alcohnl.  (rlber  ;  and  boiliuff  at  1B2'  C. 

Il  IK  found  in  sweat,  faeces^  urine,  and  the  GODt«nts  of  the  large  in* 
teatinc. 

ValeriAnio  BOtd.    C.Ht.OO>H. 

An  oily  liiiuid  of  strong  smell  and  taste,  soluble  in  water,  and  more 
so  in  alcoliol  and  ether.  II  iit  found  in  solid  excrement.  In  fatty  de- 
generation of  tlie  liver  it  may  occur  in  the  urinft  as  a  result  of  the 
deeomporition  of  loucin,  which  appears  in  ubundanov  in  the  urine  in 
the  above  disease. 
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Caproic  teid.     C.U...CO1H. 

Caprylic  anid.    C%H,..CO.H. 

0»prio  aoid.       C.H,..t:0,H. 

Tlii-i-.'  Bciil*  i-iitor  iiitu  tbt>  fala  of  butter,  from  which  thoy  arc  rowlily 
pii-]i;irpd.  Tlii-y  uit  all  soluhle  to  but  a  slight  extent  in  w»tcr,  but 
readily  in  nlcohul  and  «tliep.  They  probably  occur  iii  tlio  products  of 
the  sebaceous  ^Itinda  and  tli«  &w(<3t,  at  loasl  occadoiially  iu  ■omc  vti- 
luaU. 

Lauroiteu-Ut  tdd.  C..R».CO.H. 
HyriiUo  acid.  C..H.,.CX),II. 
They  (M'ctir  as  neutral  fats  In  butttr,  spennaooti,  etc. 

Palmitic  »oid.    CuUiuCO.H. 

Stearlo  acid.      C..U>hCO.U. 

Thpsi)  are  mlorlfmsolid*  with  melting-point*,  the  ronnw  at  82"  C, 
the  Inttor  at  6B"2*  <J,  Insoluble  in  wnttT.  but  rc«dily  dtwulvc^  by  Iwt 
ulfohol,  ether,  or  chloroform.  Willi  alkiilicH  llw-y  ford*  soaps;  aud  witlt 
glycerin  they,  togolber  wilb  the  iileateH,  uiake  up  tlio  greater  part  of 
human  ful.  As  sails  of  sodium  1 1)  tliey  ot-c-ur  in  chyle,  blood,  seromt 
fluids.  Combined  with  calciiuu  tliey  occur  in  the  fiii-nt  mid  the  itdipo- 
cero  of  the  buried  oadrtver.  They  an?  iniid  to  occur /rw  i»  the  caspsiis 
nodnlcs  of  tubercle  luid  in  dcconiponiiii;  pus. 

7^^  Oleic  (Aert/lie)  AcH  Sertea, 

Goueral  formuln  of  M-ri<9  C.IIfc./>|.  S3reral  of  the  acids  of  tlib 
series  occur  as  compouiidK  of  glycerin  in  vurioua  fata.  Tbcy  may  be 
decompoMtl  into  nciiU  of  t)te  acetic  series. 

01«io  aeid.    C.Iti.Oi. 

The  mosi  imporloiil  to  the  physiologUt;  in  a  rolorless,  oily  liquid 
solidifying  to  11  crjntullinc  luiiss  ut  4'  C.  Soluble  in  oloobo)  and  etiier 
but  iiut  in  water  ;  forms  soup.*  with  slkalies. 

The  Keutral  Fata. 

To  understand  this  clii.'ttt  of  bodies  it  becomes  tieontsary  to  bcttr  in 
mind  the  relations  nf  the  iicicls  of  the  fatty  and  oleic  sorics  to  glycerin. 
Qlyceriu  tn;ty  be  regarded  as  it  tri-udd  alcohol : 


!.HJ< 
t' 


;0H     HO.OC.CH,,  tO.CO.C.H.. 

OH  +  HO.OC.C.H,,  =  C.H. }  O.CO.CHh  -i-  3U.0. 
\  OH     UO.OCCH.,  i  O.CO.C.H,, 

OI/eniD.  PitlToItic  av»  Gl)ri.<n1n  Irt  palmluile  or  palmliJn 


\  which  the  relations  of  glycerin  and  a  fatty  add  to  Ibe  neutral  fat 
appear— i.  e.,  a  neutral  fat  iv  the  result  of  the  replacen>ent  of  the  ex- 
changeable atoiiL^  itf  hydrogi>n  in  the  tri-atomic  alcohol  (glycerin)  by 
the  odd  rwlK'lcH  of  the  acetic  or  tilcir  nnrifis  ;  so  tlint  the  neutral  fats  may 
)m  ngordcd  a»  ettierM,  of  which,  in  the  nature  of  the  ense,  there  ore  tfaeo- 
ntioally  three  ;  hut  those  only  in  which  th<-  most  complete  substitution 
ham  lakeo  place  ore  of  ioiportuucu  front  a  physiologicnl  point  of  view. 
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TImmc  nuitnil  futii  arc  iiwoltible  in  wnior  And  ooUl  alooliol,  soluble  In  tx>l 
■Icohol,  Mber.  (Jilorururoi,  trie. 

By  Itie  acliui)  u(  <.-uuniK  ulluiltea  or  nuperh««l»d  stottm  ibvy  may  Im 
nvtlil.v  <l««oinpcMe<)  into  fjlyoerin  and  tli«lr  fattj  acids. 

Saponiik'nliun  oka.y  be  thus  reprweuted  : 

.  O.OC.C..H,, 
CH,  \  aOC.C.H..  +  3KOH  =  CH.',OHh  +  3C,.H.,.C0iK. 


t  O.OC.C..H,, 

.^aoc.c.n.. 
( o.<.K;.c.«d.. 


r>linUln.  UlTDcrtn,         niiaialum  pklrali^n. 

It  Is  kuowb  tbat  Inia  arc  not  un]y  ciaubiflcd  in  tbu  ttlltiimilnrj-  Inicl. 
buteplil  ui>  into  lli«ir  couipoueut  fatty  acids  atid  kIjcu^i-Jii.  A  cvilMin 
pfajfortion  nf  Bolnblf?  •ioujm  mv  TuriuMl  mid  bdceii  Into  the  blood ;  noiitp 
insoluble  soiips  iipin'ur  in  ilm  r:r<.->.-«. 

i)ut  tliP  choniinl  cbjuijiot  of  fiit*.  di-otruclivc  uid  coiistnidirp,  effect- 
ed by  tii«  orguns  t]iul  prvpun)  food  U>  bei.-onw  blood,  are  doubtlces  very 
GompUix,  nnd  in  largo  jNtrt  an  yot  uuknowu. 

Glj/etAie  Acid  Serira, 

f  H  OH 
Glycol  may  be  formulated  Ihun  :  J,„'^,  ■•  l^e  Bencrul  formula  of  tlie 

glycoh  bcin;  C.Hi,..Or— i-  •■.  tb»  glycoU  me  diatoDiic  alcohols,  froai 
which  acid>  nuiy  be-  obtained  by  oiidatiou,  tliua : 


OLOH 


OOtH 


By  additional  oxiitatiou  a  nieunber  of  ibe  glycolio  series  may  be  coitj 
verted  into  one  of  tlto  oxalic  series,  thus : 

--OTT 
I.  Laotio  acid.  C>H40i  or  C.H»  ,co,h- 

Kxi«ti  in  fnnr  iwimi-rii-  condition'!,  three  of  which  have  been  fotinil  in 
thi>  maintnntiim  ilmman)  Iwidy.  Tlnwi-  have  Iho  foitowinsr  im>i«>riii-*  in 
cuinnion  :  Are  Hiruivliko  in  (wnsistenoe,  colorlnw,  solublm  in  wntrr,  alro- 
hoL  and  elher  :  have  an  t'xlremely  iwur  laslc  and  a  ntmnit  svid  re«etiyji. 
Tli«y  form  Kalts  (laclatosj  with  the  metals,     (n)  Ordinary  laetie  and.  in 

acllre  ethylidew^-liK'tic  add.  a  hydroxy  I -pmiiionic  wiA,  CHt.OH'  (^[j_ 

Thin  ■■■«  lh(^  form  of  lartic  lu-id  iliat  otcurs  in  the  femn-ntation  of  milk, 
ll  i.t  found  ill  tho  wnit<'nUi  of  the  Blonia<.-h.  intrslimw,  and  patholotticolty 
in  lh«  uriniv  (t>»  ICthylo7ie-lactic  acid.  Tlii*  isomer  of  lactic  acid 
occurs,  thuutch  lliero  ia  some  doubt  about  the  «ub>c1,  in  muscle     Ic) 

Sarcolactie  acid,  oc-tive  rtliylidenu- ladle  acid.  CH..CH  qj^.    This 

acid  maybe  readily  obtained  from  flMh.  and  is  thvreforo  found  in  abun- 
ihmco  in  the  "nuMt  extnwi»."    It  is  the  only  oni-  of  tho  lactlo  acidt 
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that  rotal«8  th»  pUnc  of  pr>]»ri>ed  liglit,  the  fr«e  mad  beinp  dextn-rv- 
tau>r>-. 

The  liibwie  Acids  (C.H«_,Oj  of  (A*  Oeatic  Sariet. 

Ooij  a  fciw  tnomlwni  of  ihLs  Muies  are  of  special  intereBt  to  tho  medi- 
cal ebcmisl. 

Oxalic  acid.    CH,Oi.(CO.H)>. 

D0C8  not  oc4^ur  freo  in  tlie  iniuninaliati  bod;-,  Init  ts  normally  piwent 
ID  small  (luantil.v  lui  an  oxalate,  t-hietl>-  of  caleiiini,  in  tho  iirino  »f  mtiKt 
niammal.v  In  ct-ituiu  diuirdend  atetesof  the  mclnlwliwn  it  hotuw  in 
tiic  urin<r<if  uwn  iu<-harai'teristicdutn1>-b<?ll  fimni.  iiHTgiiliirtictttliwl™, 
<n-  ih  »quitr«  columns  with  pj-ramidal  cndx.  Thine  iirc  insoluble  in 
wiiti'r,  ak-uhul.  eChor,  ammonia,  and  od^tic  acid,  but  Kodilj'  dissolve  In 
lij  di-ocliloi-if  iwid. 

Saocinic  a«id.    O.H,(CO,H)t. 

Occui-s  in  the  spleen,  thyuiua  and  tlijroid  bodies,  and  in  hydrocele 
and  hydrocephalic  fluids.  It  cryslalliees  in  largo  Hionibic  tablota,  and 
wore  rarely  in  prisms;  ^ariiigly  soluble  in  water. 

COMPLKX    NlTROOKXOUS  PaT9. 

The  Ixxlies  to  be  described  in  lliis  chapter  ntay  moat  of  them  be  ex- 
tracted from  the  nervos  and  nervous  c«n(cra. 

Lecithin.    C„H.:.NPO.. 

This  Hiibstauce  may  be  obtaine<{  from  direree  sources — the  blood,  bile^ 
aercms  Ituids,  and  es)NK-inlly  from  tlie  brain,  nerves,  yelk  of  e^,  semen, 
pus,  tlie  colorlen  corpuscles,  nud  oven  ihe  electrical  organ  of  fl>0>es.  It 
may  be  scparatod  as  a  wlulo,  somowhal  cFystallinc  soft  body,  suliihle  in 
cold  alcubol.  niorA  so  in  hot  nloohol,  in  ether,  diloroform,  fal»,  bciuol, 
elc. 

Olrcerinphosphario  add.    dliiPO*. 

Jlay  arijii'  ii.t  n  lii-comiioailion  product  of  lecithin,  thiw: 

C..H..NPO.  +  3H,0  =  2C,.H,.0.  +  C.H.PO.  +  C.Hi.NO,. 

UtcUhln.  HlHr1cac][|,      Olji-nrln  phia-  Nnulii, 

[■l(f<riL^  aciil- 

Protagon.    Ci..H».N,POi.  (i). 

TIh-  funnulii  of  must  of  thvan  bodiss  is  donMfiil,  and  cnpeeinlly  b  IhiR 
renuu-k  true  of  protaffon.  This  body  Ls  inxduble  in  cold  water,  but 
swells  in  it  like  gelatin.  At  200°  C.  it  niidte  to  h  sirup.  There  luw 
been  much  diacusaiuu  wt  to  wln^tlna'  it  in  11  siuitle  body,  or  a  mixture  of 
locitbin  and  cerobrin.    It  is  derivable  fmm  the  brains  of  mammals. 

Hnrttt.    C.H,.NO,. 

It  is  a  very  unstable  body.  difDcult  to  ge4  or  lte«p  in  a  free  sUtlc  It 
has  been  obtained  from  bile;  lience  the  nauiecholin. 

Cerehria.    C.,H..NO,  (i). 

Abounds  iu  the  brain  In  tho  axis  cyliiMtvr  of  nerves  and  in  jnL^-oor- 
puBcIes.    It  may  be  obtained  as  a  colorlca*  ]iyt;roacopic  powder. 


CS4 


AS'[)IAI<  PlIVSIOLOOy. 


The  S£iUBa  or  BiiJC  Acids,  era 

Cholk  (cholalic)  Uid.    C.H..Ot 

Ii  i«  the  slarting-pouit  of  the  bile-add  ficriN,  and  amy  W  obLiiuM 
put*  iDUinmorpliousoi-crj-sfalliue  form,  sol iibt(>  in  water.  This  acid 
U  dexti-u-rotatory.  It  moy  occur  in  tlio  Lirj:<i  or  stnsll  iulesliiiK  and  in 
the  fawcB.  lu  jauiidivi-  it  is  in  exvi^aa  in  the  blood,  ticHuea,  and  cxcn^ 
ttons,  ospeciall}'  tlie  urine. 

Fettenkofer't  r<!w(.— WilL  sugar  and  s<U plume  acid  it  giv*«  a  M-d- 
di»hcolop,  which  may  or  may  not  rfquirealifrht  boat  for  ilBproductirm; 
but  it  is  important  to  remember  thtit  this  reaction  may  ho  produced  bv 
other  nihttanctn,  §o  thai  the  t»t  is  at  best  b;  llaeU  a  doubtful  one. 

Glyoocholio  acid.    Ci.H,iNOf. 

Thin  is  tin-  iiriiioiiwl  acid  of  ox-cuII;  occurs  alw>  in  that  of  man,  but 
a}ii>aretitly  not  in  thtt  bile  of  caniivorn. 

Tikis  acid  cryaUillif^n  in  lino  iintUr.^  soluble  in  water  iiA]iK-inll.v  if 
hot,  in  alcohol,  but  jiot  in  ether.     It  hns  a  Himngly  acid  reaction. 
C.4H..O.     ^    CNH,0.    -    H^    =    CHuNO,. 

CliuloJlD  Bii.l,  «l)>clti  OljcochuJlc  ovM 

Wlicther  it  in  formod  in  the  Ixtdy  in  tliu  nutnncr  indu'utipd  by  ihe 
ftbove  cqoation  in  unot-rtnin.  aa  glyrin  hm  not  an  yet  been  obtained  free 
boin  any  tiwitii!.    Thin  ucid  la  best  jirepared  from  ox-^aU- 

TuTochoUc  acid.    CtiH.tNSO,. 

Tliuu;;li  found  in  ux>gidl  it  b  nioHt  i>l«ntiful  in  humau  bite,  tluii  of  ibp 
OAmivom.  uiid  specially  in  dog's  gal  1. 

It  crystallizee  in  npc<llcs  but  not  i-i-adily.  It  is  imlnblv  iu  water  und 
alcohol,  insoluble  in  ctJior.  Its  nallx  are  also  itoluble  in  water.  Tuuro- 
diolic  acid  is  a  tbt;  insoluble  substuncv. 

C..n..N0.8  =  C,.n,.0.  +  C.H.N0,8  -  Hrf>. 

Touroi-liollc  uld.    LTiinlnlir;  ai-ld.  TUuM, 

Like  the  preceding,  it  n  dpxtro-rotatory. 

ChoUiterlD.    C..H...OH. 

licinarkiiblc  as  the  only  froO  alcohol  occurring  in  th«  human  body. 
Thin  mbstuncv  may  n-ndlly  and  in  ifreat  abunihinco  be  extracted  from 
Uie  nerrouM  tJsmMrs,  but  moHt  entity  from  galt-ctoiies,  of  which  it  romui  a 
large  part.  It  cikn  be  dcri%-cd  from  other  liasuee,  the  blood  and  esputirial- 
ly  bile.  It  may  be  obtained  in  white  fine  needles  from  aolulion  )u  liot 
alcohol,  etber.  etc.    The  subxtance  is  Isevo-rotatory. 

Te»t. — StrotifT  sulphtiric  acid  added  to  it  in  <olid  form  and  liMted,  or 
to  its  solution  it]  ctilorufunu.  gives  a  brighl-red  color,  vrhkli  changes  oa 
stand  iug. 

Bile-Pigmfntt. 

KUrubln.    C..H..N.O,. 

Il  niiikc«<  up  a  great  part  of  tho  pigment  of  the  bile  of  the  carrjiTora 
and  pfrhiiiw  of  man.     It  nboundx  also  in  ga11-irtnni«,  from  whirh  it  may 
be  obtaincvl.  in  i-tther  thr  iimorphoiui  or  crynlnllinn  condition,  by  exlmct- J 
ing  witli  clilurofiinn  and  furtlivr  treatment     When  heutvd  n-ith  nitrous 
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arul  it  uuileifioeaa  soric*  of  oxidations,  giving  rise  to  dl«tii)ct  products 
of  nlikh  Olio  w  the  grtvn  bfliverdiu.  thene  oxi<kttioiis  are  tho  hoKv  of 
Gmdui'9  tf»t  for  bilo-pigoietit,  which  coiiHisIs  in  adding  a  dn>|>  of  rtnmg 
oilrio  acid  containing  nitrous  ncid  to  l>il(\  n'hcn  h  ktic*  of  mtiiivr  nii>id 
ebaagM  in  color  in  a  certain  ordor  takes  pUoc 

BOiTerdin.    C,.H.^.O.. 

It  in  tliis  pijfuieut  whicli  pVM  Ihr  chiir«cterijrt.ic  color  to  ox-g&JI,  from 
vihivh  it  IN  best  (irc|Mu«<l.  It  ih  not  iwhibk'  in  etbor  or  diloroform,  init 
di<>RiIv<n  readily  in  alcohol. 

In  111!  prubaliility  botli  the  bilv-piinncnls  oud  their  derivatives  aro 
tlii>  rMiilt  of  the  Hnnl  tnuiaforinauuiia  of  haemoglobiiL 

CholetcUiL    C..H,.N,0* 

TbiH  b  the  Rn»l  piiidtint  of  th«  oxidation  of  bilirulitn. 

HrdrobilinblB.    C..IUN.O*, 

Wbt^nan  alkaline  solution  of  Inlinibin  iii  iK;led  upon  by  sodium  amal- 
irain.  llie  above  rc.*idLs.  It  is  Ihouiflit  by  nmuy  to  be  identical  with  «ter- 
robilin.  n  product  nf  Div  ilocoiiipositjoii,  etc.,  of  bile  in  the  intestine.  Sinefl 
hydrogen  in  tbv  n»iH.i?iit  (Miidilion  prnkildy  i>r<-uni  in  th<!  intMtinesu 
thv  rmult  of  fe^^lontalioDl^  the  oowlitinnH  for  th«  furioatiou  of  thu  nib- 
sUiiicu  Hceiu  to  be  met 

Pigmmt*  of  Urine. 

It  »een»  to  bn  more  tluin  prohiil>l<!  thut  tlie  urine  eontaina  a  great 
uutiiber  of  picnients,     Hiil  tew  nf  tlicM:,  howuver,  have  bota  isolated. 
The  l>est  kno\rn  aiv  the  following: 

trrobUin.    C„H.,N.O,. 

Tlie  foniiul.x  of  idl  thwic  bodies  nrc  bnl  indilforentiy  Icnown. 

Urobilin  IN  th»ii)fl>t  tii  be  identiiul  with  hydntUlirubin.  It  is  pres- 
ent, but  in  smnll  (luiinliliiH,  in  niirmid  urini--.  tlioueh  often  largely  in  the 
urini^  of  febrile  ci>nditiuns.  Il  is  NU)>|HMt»l  to  tw  an  oocidiMMl  form  of 
chroniiigi^n. 

Uroerythrin. 

SiippoM-d  tit  almund  in  the  nriiw  of  rhenmatif  patients.  It  beeomw 
greenisdi  on  itdiiitmu  ut  euuslic  alkali,  and  rvddiNli  or  reddixli -yellow  wlibu 
concentrated  bydrochluric  acid  i%  added. 

Tlie  Indigo  Series. 

Indieu.    C..n>,NO.t. 

Si>nie  regard  indicaji  as  indoxyl  sulphuric  add,  which  do«  not  occur 
in  the  free  state,  but  as  a  salt  of  potssaiuin.  It  reprewuta  in  the  urine 
tli«  indol  of  ttiG  alimentary  canal. 

Indigo.    CHiiNiO.. 

Il  oecasionally  occurs  in  sweat  and  urine  as  an  oxidation  product  of 
indjcnn. 

It  may  be  obtained  fi-om  human  urine,  and  still  more  readily  from 
that  of  the  herbivont,  by  the  cautious  addition  of  a  weak  solution  of 
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chlorinaM  linie  to  amtw  urine  to  wtiich  an  i<(]ttal  bulk  of  stroag  hydro- 
chloric Acid  luw  been  wUl<-d.  Unlt^st  xrval  euro  it  cniplojrtl  in  mixing 
up  the  fluiilx,  ill  ili<-  dn>i>-bv-(In)p  udilitiuii  of  ibe  Aulutktn  of  chlorinatctl , 
Umr,  tlio  iiidiifu-bhn?  will  tw  oxiiiiztsl  n>lea<.'li«li  to  Uidigu- while. 

The  KubaUuitw  is  soluble  in  chloroform  which,  being  beary,  falls  to 
the  bolloni  of  the  eluw  and  carries  with  it  the  iudJgOL 

Xndol    C*B.N. 

A  su1)Ataiici>  to  which  the  ndor  of  fieoca  is  in  part  due.  It  occura  In 
artiDciul  and  nuttiral  pancroatic  digvslioii  as  a  product  of  the  adiou  of 
bacteria.  It  isci7slallinc\  soluble  in  boiling  wsl4tr,  alcohol,  ami  ^ler, 
Il«  alcoholic  solution  whrn  nilmuH  acid  is  added  i^iTCS  a  red  oolor  and 
its  luiucous  xolution  a  red  precipitate. 

BkmtoL    O.H.N  ()). 

A  nibKlanoe  occurrinj;  undcT  tli«  snmo  circumslanceK  on  indol.    ll 
dot^S  not  B^ire  the  sanii-  nnrtiniiH  wilii  nitrous  acid  ii»  itidol,  but  Kl^us  ti 
villi  i-'t-iTHl  color,  when  in  urine,  »n  the  nddilinn  of  cunccntmtM)  hrdro^j 
chloric  acid.      It  may,  like  tlio  prcct^iufl;,  be  obtained  iu  ci-jr>talliue 
form. 

NlTBOOKKora  METABOUTBtJ. 

A»  may  be  jralheifd  by  n  perusal  nf  the  chapter  on  the  metabolism 
of  th«  body,  thi*  nitrufirinmia  metaboliam,  while  moot  interevtinjE  aoA 
inipurtunt,  preiieuta  pmblcinit  which  as  yet  are  in  great  pait  unsolved. 
Ilowcver,  something  mure  of  the  nature  of  certain  nitro^rcnous  chemical 
comjioundfl,  either  (x\.-iirriui;  in  the  body  or  related  losachasare  ptr*«-nt,, 
may  now  be  considered  with  aitvautage. 

Urea  may  be  regarded  ns  the  most  important  nnd  by  fnr  Ihc  mo*t 
iibundnnt  solid  of  Ihc  urine  of  man  and  lujiny  otluir  nuimnmU.  includ- 
ing pmclicully,  so  fur  as  known,  nil  th<f  carnirorn  and  Acrend  other 
gruuim.  It  nl.-«>  iM.-cnm  to  ti  uliglit  extent  in  the  urine  of  binU.  It  is 
fouud  ill  iaiiull  qiutntity  in  blfKid  and  nuuiy  of  the  tluids  of  the  mani- 
maliau  body.  Uiough  nut  at  all  or  to  but  thri  Mnalltuil  extent  in  niusclra. 
It  may  be  prepurcd  from  urine  ami  o)itjuu«l  iu  colorleas  neecllea,  solublel 
in  water  and  alcohol,  but  nut  in  uuhydrous  ether.  When  urine  decom- 
poFiCfL,  urea,  possibly  uudc'r  the  aclioti  of  a  ferment,  becomes  ammonium 
carbonate:  ^n 

CO  jjg;  +  H/>  =  (NH.J.CO.. 

Urea  may  be  miulc  in  tlu;  laboratory  iu  sereral  vrstys.  BOtne  of  wbld  i 
indicated  in  the  following  equiilionit: 
1.  By  heating  auuiioniuni  carbonate: 

*^^  ONH.  =  CON,H.  +  H,0. 
S.  By  heating  ethyl  carbonate  with  ammonia: 

CO  ggg;  +  8NH,  =  CON.H.  +  2C.H.O. 
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3.  'By  addition  of  wnlcr  lo  cjrnn-atnido: 

CN.NH,  +  H.0  =  C'ON.H.. 
■I.  By  evaiwration  o(  iinintoiiiuni  cynnntn  in  iu}tioous  atlutioo : 
CNiONH.)  =  CON.H.. 

The  last  rcadion  ixMC9io:«e!i  a  faistoricul  iiitnrml,  fur  it  was  by  this 
method  that  an  ur,ci>i)ic  i-umjMuod  ocMrumue  iii  tb<>  animal  body  wu 
flint  foniKid  from  iuotvttiiic  sulistani-ee  iu  tlie  laboratory  by  Wfihl«r  in 
ItSS.  UrcB  furiiut  ooiiipouuds  nitli  acids,  tlie  mast  interetiluig  of  wliicli 
U>  lh<t  Ntiidcnt  of  auimul  chomistry  ia  the  following: 

TTrea  nitrate.    CH.N.O.nNO.. 

\Vhi.-n  urino  is  fuuccHtnited,  and  strong  nitric  odd  added  csutioudy, 
th«  iiI>ov«  (■ryalullitca  out  lu  gliRleititig  i>ix>sl(l<?d  or  rhombic  tablets,  solu- 
ble ill  wutiu-,  but  iuaoluble  in  other.  7his  makrs  a  rctinlitci  und  fauiy 
dc1i<'alc  tfest  for  the  preaence  of  urea. 

TTrio  acid.    C.H.N.O.. 

Thi»  metakolile  otX'unt  iu  the  Epleen  and  several  other  orgaiis  aud 
iLtiues;  t)|iurinf;ly  in  the  urtue  of  man  8n<)  niot^t  mammals;  abundantly 
ill  that  of  birds  and  serpents,  iu  which  it  talccx  tlic  placo  of  urvn.  In  its 
purest  form  it  preaent«  ilwtU  as  a  colorlem  cryiitaltitu-  i>ow<kr,  tnKlclcn 
antt  odorlc».  Itsctystalline  forms,  arimitg  sponttuicoiijily  from  urino, 
are  Tery  variable  and  always  colored.  Very  ituwiuble  in  cold  water, 
ether,  and  alcohol ;  readilj'  solublo  in  sulphuric  acid,  cauniit:  ullcnli<«, 
oud  some  of  their  salts.  The  most  important  ndts  of  uric  acid  are  the 
urates  of  sodium,  potassiuni,  aud  atumouiuiii.  all  of  which  occur  in  urin* 
nry  sediments. 

The  iwijitj-m/  trnl  for  uric  aci<l  is  as  follows:  Add  strong  nitric  acid 
iu  very  tunall  qiinntily,  ami  (iva|x>nile  to  drvuMs,  when  a  rod  color 
sliould  nppcur,  vrhich  on  luldilion  of  ammonia  gives  rise  to  a  purple^ 
Tlio  following  c<iimttoni!a-illKhow  the  relations  of  urkacid  to  urea,  etc., 
xo  far  ax  laboratory  mtclions  arc  coticemed.  Wo  hare  in  tlie  body  of 
the  work  idiowti  tliat  uric  acid  is  not  iu  all  probability  itsotf  an  anteced- 
ent of  urea  in  ilie  body : 

C»H.N.O.  +  H.0  +  0  =  C.H,N,0.  +  CN,H.O. 

Vtlv  ncld.  Allt'IBd.  Cm. 

C*N.H,0.  +  sn.O  =  C.HiO.  +  CN.H,0. 

AUoXW.  JfOMUltuaciil.        Ur«, 

CH.N.O.  +  Hrf)  +  0  =  C,H.N/).  +  OS. 

L'riraciJ.  AlUiiMn. 

C.H.N.O.  +  H,o  =  cn,K,o  +  c.n.N,o. 

AlUailiilii.  L'lTiL  Allsiiluric  adil. 

Dric  acid  has  been  made  artiflcially  by  fusing  togetlier  urea  and  gtyoo- 
ciu  <glycin,  glycocoll,  or  amido-acetic  acid) : 


CH. 


NH, 


CO.H- 
CnattB.   C.H.K.Oi. 

Thi»  body  may  be  ubslracled  from  dead  intiHclc,  nnd  obtained  eitlier 
in  a  white  autorpboua  condition  or  iu  rlkoinbic  iwiiinis,  >ulublc  in  coki 
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water  and  lii  ethcrj  ]«asso  in  oIcohoL  Crefttin  amy  bo  cbangtxl  u:ta 
urea  aud  »n:^wtQ  or  nMitlij-l-glyi^'in : 

C.H.K.O.  +  H.0  =  CH.NO.  +  CON.H.. 
Craalln.  lianiiiiilo.  Una- 

It  ntaj-  also  bo  fonnod  xj'ntlictk-ally  under  the  acliun  of  ncidii.    Crcntin 
niiiy  by  dehydration  be  transfomiod  inUi  vrwtintn. 
CnatinuL    C.H.N.O. 

'Dibi  body  iiiiiy  bo  n-giinled  uh  drhydrabi'd  crciitin.  It  vccun 
nmlly  in  lloOi  and  urine,  luid  may  be  obtained  in  prinna;  tioluUe  ii 
\VHt«r  nnil  ukobul.  but  n»t  Appreciably  in  «tlu;r.  It  acts  as  a  sirotitc 
hnJif^  the  inoni  important  salt  boiug  the  dnc  chloride  (CiHiNiO>aZuCli. 

AlUntoiu.    C.H.N.O.. 

Abody  charjtteriBtic  0/  iho  ulluntoti-  fluid  of  futal  life,  aud  which 
may  (xviir  in  the  urine.  II&  relatioua  to  uric  acid  and  tirea  have  becu 
indiratcd  abovo, 

Hypoxanthin  otai-kin).    0>HtNtO. 

Uocura  in  llcsh,  in  Ibe  Hpkiui,  livtsr,  mtdulla  of  tbc  bones,  etc  II 
may  iw  obtained  in  Sue  u<,-«lles,  ooluUe  in  hot  water. 

Zaothin.    C.H.N.Oh 

May  be  derived  from  mnxclfsi,  tlic  liver,  9cplt>cn,  tliymwi,  and  «ome 
other  organs  mid  tiaaues.  It  iH  probably  u  nnniial  coustitueni  of  the 
urine  in  minute  quantity.  It  ni»y  be  obtained  aa  a  colorless  powder, 
only  slightly  xohibie  in  wal«r.  but  soluble  in  dilute  acids  and  alkalies, 
Xiinthin  may  he  regardetl  as  tbe  oxidized  form  of  hyjmxnntliin. 

Camin.    CII.N.O,, 

Occurs  in  extract  of  Resli,  nnd  mny  be  obtninnl  in  cryrtiiLs  in«i»luhlp 
in  alcohol  and  cthur,  Init  slightly  wlublv  in  n>ld  wiitcr,  mid  more  sc  in 
but  water. 

Onania.    (.Ml.S.O. 

So  culled  berniiM'  lirst  obtained  from  jrunno  (excrement  of  birds);  U 
iit.  however,  alwi  to  l)t  Mtracte<l  from  sn-Tcml  ortpuui  and  tissues;  as  a 
white  amorpbonii  powder,  insoluble  in  water,  alcohol,  ether,  etc  By 
treatment  witli  nitrous  acid  it  mny  be  converted  into  xanthin, 

Kynurenic  acid.    C,oH<.N'iO.. 

Tliia  luHly  has  been  fomid  in  tlie  urine  of  dogs. 

Olyoln.      (GlycooalL  glycocin.  amido-acelic  aeid.)      CiHtNOi,  or 

Thin  is  one  of  that  important  claas  of  eomponnds,  the  ami<lo*cids 
mid  may  Iw  formdl  in  tiie  laboratory  from  moHocbtor-acrlic  acid  and 
Mtnmoniu: 

Cn.ClO,  +  r*NH,)  =C,H.(NH.)0(0II1  +  NH.C1. 

Il  is  pcetiliar  in  having  l)olh  odd  and  basic  propertie*— i,  o,.  it  unites 
with  both  iicidH  and  huses  to  form  crj-statliMiblr  compmrnd*.  Olyoin 
ilaelf  may  be  ublniued  in  crystalline  form  mluhio  in  water.    ThouKh 
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not  found  iu  ilie  free  stale  as  y«t  in  tlw  botly,  it  may  be  split  otT  tmta 
hil«  ucids  and  hipjniric  acid, 

Taorin.    CJI.S0.8,  or  Cft'^J*. 

ThiH  in  an  amido-iMitliioDio  ncid.  niid  mnr  br  mado  nrtiflcJally  by  a 
liiUimliirv  Myntheaiii,  iw  wcU  as  dvrivrtt  fitmi  llif  timnii'liDlk'  itcid  nf  lh« 
bile.  It  luociitiit^  the  form  nf  large  priaina,  fiuhibli'  in  \ralvr,  luid  in  ii 
rfiiwrkiibly  HUiklc  <.-oiii|>ound.  TaurEn  has  been  extractad  fnim  MVunU 
urtruM  of  tile  iiminniali&it  body. 

LmoiiL  C.H,.NOt  ur  CB»,  CH..0H.CH..0H(KH.).CO.H~L  v..  un 
uiiitilo-caproic  ociit. 

This  coropoutwi,  which  nmy  be  obuioed  from  the  iMincnnct.  spWn, 
tbymuB.  and  thyroid  bodie«,  tbe  liver,  etc,  and  occiini  as  a  product  ol 
italural  and  Eirtiflciul  paucrootto  (lij(iwtion,  atid  in  tlic-  urinv  in  uruf* 
itlniphy  nf  Itin  liver,  in  thin  whitish,  gliNtcnins',  llul  cr.t'Mahi,  KilubU-  in 
wBlir.  LciU'in  is  onn  of  thn  chief  pruducUi  uf  lh«  devonipoailton  of 
iiitrogcntHis  Ipmlviil)  matter 

Avtimgin.     C.H.N.O,.  or  C,H,(NH,)  co!^"'**- 
Anid»4iiooinaiiuc  acid. 

FV>und  in  ■imiiy  plittilti— ilh  ajtpar»;;uA,  liiorlcQ,  bcetis  pcus,  Umus,  etc 
— hnl  ncit  in  (hu  uniituil  body,  so  fiu-  as  in  yet  knotni. 

ABpftltic  acid  (or  Ainido-iiucciiiic  acid>. 

C.H.NO.  M-C.H.(NH.)^§. 

Found,  likv  th*'  prccmlin^.  mml  abundantly  In  Mcds  Itut  said  also  to 
occur,  in  uiinute  iiutuitity,  among  the  pr<Nlurts  of  puucteulic  digvsliun. 

Olutaminic  acid.    CMI.NO.. 

Soi-inH  Ui  cctur.  undcT  nimihir  nutunil  coitditiotis.  Ui  thiote  (pvinjf  rine 
to  the  preceditif;  <.-on)|>ouud.  It  has  noL  however,  as  yet  bccu  ahun'u  to 
arise  iu  ilie  digestive  pructwes  of  aniiiiala. 

Oyitia.   C.H.NSO,. 

By  auin«  chuniiMH  lhi»  pompouad  ia  beliered  (n  ho  an  amido-acid.  It 
appean  oocaalouuUy  in  the  urin<i,  but  in  chiefly  nt  imiiortanvc  ns  making 
up  tbe  grooter  part  nf  certain  urinary  calculi  in  in«u.  duKX,  tic.  Tho 
body  i*  crystalline:  inHolublc  in  water,  alonhol,  and  cthor,  but  soluble 
in  ammonia,  other  allculiw,  and  the  ntincrnl  acids. 

Acids  of  the  Benzine  or  Aromatie  Seriea. 

Beuolo  Mid.    C.H..CO«H. 

The  ackl  ita^lf  b  not  known  to  exist  in  tho  body,  but  may  arice  in 
urine,  ttqMcially  that  of  the  herinvora,  from  femioututive  (iccompou- 
tion  : 

CH,NO.  +  H.O  =  CHJ^O.  +  C.H,Ow 
fll|>|iiirlo  Mud.  Gijclii.         BMwte  aetd. 

Benzoic  noi<t  Is  very  sparingly  soluble  in  water,  but  readily  divolved 
by  alcohol  nud  vthiv. 
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Hippnrio  add  (Benzoyl-Glycin,  or  Beozoyl-amido- acetic  Acid). 
C,H.NO.. 

.  This  acid  abounds  in  th«  urine  of  the  herbivora,  being  derived,  proba- 
bly, from  BOme  benzoic  residue  in  the  food  (hay).  It  occurs  in  only 
amall  quantity  in  the  urine  of  man.  It  may  be  obtained  in  prisins,  solu- 
ble in  boiling  water  and  in  alcohol. 

Phenol  (Carbolic  acid).     CtH..OH. 

This  compound  occurs  under  the  same  circuniBtancee  aB  indol  in  the 
alimentary  tract,  and  may  be  estnicted  from  the  faeces  and  the  urine. 
Slightly  soluble  in  water,  it  readily  dissolves  in  alcohol  and  ether. 

Tyroatn.    C>H„NO.. 

This  substance,  the  molecular  constitution  of  which  is  still  in  doubt 
is  certainly  an  aromatic  body,  which  may  be  obtained  in  needles  ;  solu- 
ble in  hot  water,  acida,  and  alkalies,  but  insoluble  in  alcohol  and  ether. 

tyroain  occurs  with  leucin  in  the  decomposition  of  proteids,  and 
abundantly  in  the  natural  and  artificial  digestion  of  the  proteids,  by 
trypsin.  A  substan?c  greatly  resembling  it  has  been  made  artificially,  in 
the  laboratory,  by  a  synthesia. 
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Aberration,  cbramatic.  ST3. 

spherical  ot  the  tens,  373. 
Absorption  of  digested  food,  841. 

by  lymphatics,  841. 

by  skin,  418. 
Accelerator  nerres  of  haaM,  370. 
Accommodation  of  eye,  503. 
Act  of  inspiration,  370. 
Acid  albnioin,  678. 
Adds,  fatty  series,  660. 

acrylic  or  oleic  series.  081. 

glycolic  series.  682. 

oxalic  series,  663. 

tale  Berie^  684. 

benEine  or  aromatic  series,  089. 
Afferent  nerves.  483. 
Affections  of  retina,  4B3,  57S. 
After-images,  588. 
Air,  eDtrance  to  and  exit  from  lungs,  869. 

qDsotity  respired,  378. 

inspired  and  expired,  comparison  of, 
881. 
Albnmln,  native,  672. 

egg,  873. 

semm,  673. 

acid,  673. 

alkali,  673. 
AlUntoin,  688. 
Alkntoifl,  79. 

Alteration  of  generations,  27. 
Amido-succinamic  add,  680. 
Amnion,  74. 
Ammba,  morphology  anil  jihvsioiogy  of, 

13,  13. 
Amylolytic  action  ot  saliva,  306. 
Amylopsin,  816. 
Anacrotic  pulse,  349. 
Amemio,  164 


Animal  chemistry,  671. 

heat,  461. 

body,  27- 

kingdom,  classification  of,  38. 
Anode,  1»7. 

Anomalies  of  refraction,  574. 
Anterior  fasciculi,  468. 

radicular  zones,  468. 
Atttero-median  columns,  488. 
Aphakia,  S84 
Apncea,  396. 
Appendix. 
Area  pellucida,  67. 

opaca,  67. 
Arteries,  321. 
Asparagine,  080. 
Aspartic  acid,  680. 

Asphyxia,  respiration  and  circulation  in, 
404.    . 

pathological,  406. 
Astigmatism,  S78. 
Auditory  ossicles,  607. 

impulses,  610. 

sensations,  6lS. 

perceptions.  615. 

judgments,  615 

discriminations,  616. 
Anrictes  of  heart,  318. 
Automatism,  314. 
Axis  cylinder  of  nei've,  186. 

Bacteria,  18. 

Benzoic  Bcid,  688. 

Bile,  composition  of,  811. 

salts,  313. 

pigmentn.  312,  684. 

digestive  action  of,  318. 

comparative,  314. 
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Bile,  aecretion  o[,  333. 
Bilirabin,  884. 
Bilirerdin,  685. 
Biolo^  general,  1. 
Blastoderm,  6T. 
Blind-spot.  387. 
Blood,  147. 

comparative,  148. 
Blood-cells,  size  of,  149. 

varieties  of,  14&. 

ratio  of  varieties  of,  ISO. 

histoid,  151. 

decline  and  death  of.  153. 
Blood,     raorphologic'Bl     elements 
140. 

chemical  compoeitioD  of,  154. 

quaotitj  and  dbtribution  of,  l.'JO. 

coagulation,  157. 

clinical  and  pathologiPal.  IS!. 

summarj  of  physiologj-  of,  165. 

supply,  influence  of,  300. 

circulation  of,  316-231. 

velocity  of,  334. 

pressure,  334-328. 

quantity  of,  375. 

arterial,  383. 

venous,  388. 

carbon  dioxide  in,  389. 

vessels,  origin  of,  97, 
Brain,  408. 

circulation  in,  523. 
Brooa's  convolution,  525. 
Bronchial  tubes,  structure  of,  368. 
Butbus  arteriosus.  89. 
Burdach,  columns  of,  498. 

Capiltaries.  281. 
Carbohydrates,  140,  fi78. 
Cardiac  niovomenls,  233. 

sounds.  SJS. 

cycle,  240. 
Carnin,  688. 

Carbon  dioxide  in  blood,  389. 
Casein,  291.673. 
Catclectrolonus,  197. 
Causes  of  heart-sounds.  238. 
Causation  of  heart-beat,  204. 
Caudate  nucleus,  536. 
Cell.  5. 
Cellulose,  7. 

Cercbro-cercbellnr  fibers.  S19. 
Ccrebro- spinal  fibers,  -5I1J. 


of. 


Cerebral  cortes,  531. 

time,  585. 
Cerebro-apinsl  and  system  of  nerves,  62G. 

relatioDB  of.  636. 
Cerebrum  general,  500. 

functions  of  its  convolutions,  506. 
Cerebellum,  functions  of  the,  541. 
Chemical  constitution  of  the  animal  body, 

135. 
Chemical  changes  in  muscle.  193. 
Cbeyne-Stokes  respiration,  398- 
Cbitin.  678. 
Chlorophyl,  11. 
Choletelin,  S85. 
Cbolesterin,  684. 
Chondrio,  677. 
Chorion,  78. 

Chromatic  aberration,  573. 
Chronographs,  171. 
Chyle,  342. 
Cicatricula,  67. 
Cilia,  13. 
Ciliary  ganglion,  631. 

movements,  108. 
Circulation,  diagram  of,  224. 

under  the  microscope,  226. 

changes  In,  after  birth,  131. 

in  the  brain,  525. 

influenced  by  respiration,  400. 
Circulatory  and  respiratory  sjstems,  man. 

664. 
Classification  of  animal  kingdom,  33. 
Classification  and  distinguishing  cbarac 

tera  of  proteids,  l;J8. 
Clinical  an<l  pathological,  blood.  163. 

re  nerve,  198. 

pulse,  251. 

saliva.  308. . 

liver.  335. 

stomach,  336. 

vomiting,  339. 

lymph.  353. 

excretion,  354. 

digestion.  35T. 

respiration.  379. 

a.sphTiia.  406. 

respiration,  408. 

glycogen,  435. 

fat.  445. 

heat,  467, 

vision,  603. 

hearing.  609. 
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Hembnuie»,  cmbrjonic,  at  birds,  72. 

foetal  of  mammal,  70. 
Meastniution,  113. 
Meroblastic,  7ft  ' 

Mesoblost,  93. 
Hesonephros,  lOfl. 
Metaiiephro9,  106. 
Metaboliam,  the,  of  the  body,  481, 

of  the  liver,  432. 

of  the  spleen,  430. 

in  formation  of  urea,  nrio  acid,  bippu- 
ric  acid,  etc.,  446. 

DTOteid,  455. 

influeuce  of  nervous  ay  stem  on,  471. 

summary  of,  476. 
Metazoa,  6. 
Methiemogtobiu.  389. 
Micturition,  480. 

pathological.  430. 
Middle  ear,  muscles  of,  UOS. 
Milk,  proteids  of,  291. 

fats,  292. 

sugar  of,  2fi3,  679. 

salts,  292. 
Hioimal  stim^Jiis,  185. 
Misconceptions  as  to  comparative  size, 

etc.,  of  objects,  590. 
Moist  chamlier,  176. 
Morphology,  deHnition  of,  1. 
Motor  area.  525. 
Movements,  cardiac,  232. 

ciliary,  168. 

stomach.  335. 

intestinal,  337. 

digestive  organs,  331. 

oi'ular.  503. 
Mucin,  327,  677. 
Mueor  mucedo,  15, 
Mucigen,  327. 
MlUlerian  duct.  108. 
Multicellular  organism.  22. 
Mnnk,  experiments  of,  524. 
Muscle,  167, 

irritability  of,  169. 

curve,  180. 

changes  ill,  during  contraction,  180. 

elasticity  o[,  187. 

electrical  phenomena  of,  188. 

electrical  currents  in.  190. 

chemical  changes  in,  162. 

dead,  constituents  of,  104. 

thermal  changes  in  cualrocting,  195. 


Muscle,  unstriped,  204. 

comparative,  205. 
Muscles  of  respiration,  872. 

of  middle  ear,  608. 
Muscular  Dot«,  181. 

work,  199. 

sense,  557. 

energy,  sources  of,  461, 
Mydriasis,  673. 
Myosia,  571. 

Myograph,  pendulum,  170. 
Myosin,  193,  674. 

Nerve-supply,  648. 

Nerves,  the  physiology  of,  197. 

clinical  and  pathological,  108. 
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THE  END. 
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JttWAU  will  keep  Uiv  mil«r  iuformeJ  of  Uio  nilranco*  in  thix  ilcpurtiiKqil  of 
ni«<ilcinif  lit  the  gnat  meJiiMl  contor*— VUnnn,  Utrlin.  nn<!  PiriiL 

A  feuture  uf  (bo  Juvrxai.  irtU  bo  Ui«  pnblloitUon  of  abstrstta  uf  traiuilKtiiinii 
of  notable  puporw  and  Mlw-tjons  from  foreign  jourijulii. 

Dao  pri>minpncv  trill  bo  pvm  lu  Sool^tv  Trninmrtionn,  in('1ii<)iiiK  papers  riNid 
iiDd  ^e  diKiisiiuiiK  bml  (bureon.  so  6tr  as  th«;  bnvo  a  bvarlng  upon  ibv  autyccta 
to  wlildi  itic  puK^'B  of  ib<<  .TnrnxjLL  are  <l«voUid. 

liiilh  lbi>  editor*  omi  ilif  piibllshpra  will  put  fortli  arerj  effort  lo  mnko  Hip 
JoDimAi,  Intilnn-liT^  nttniotive.  am)  a  reiiroBentativo  one  of  ita  claaa;  and  tlic» 
feel  niBureil  thnt  urery  practitioner,  whoao  irurfc  brln)^  hltii  in  contact,  with 
ontaBtoni  or  gonilo^nrimirr  dtienaes,  will  find  it  of  ffreat  value  and  aMirtanro 
lohim. 

Subscription  prioe,  $8.  SO  per  Annum. 

Subscriptions  should  be  arranged  to  axplr«  ^vlth  either 
Juno  or  December  number. 


Maw  York :   D.  APPLETON  it  CO.,  1.  S,  A  B  Boad  8ti««t 
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Well  known  m  a  trnslworthy  medinm  for  ihe  spread  of  scieutiflv  Initli 
in  popular  fonn,  is  Blled  with  articles  of  interest  to  everybody,  by  lli« 
ableAt  writent  of  tti«  timp.  It*  rangv  of  topics,  which  ia  wiileniog 
with  the  advnni-G  of  sck-ncp,  incliKl<<»— 

PREVENTION  OF  DISEASE  AND  IMPROVEMENT  OF  THE  RACE. 
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80CIAI.  AND  DOMESTIC  ECONOMY. 
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T.  W.  rLARKE. 
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THOMAS  HILL. 

N.  ».  SlIALElt. 

D.  O,  THOMl-SOS, 
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TEXT-BOOK  OF  III  MAX  PHYSIOL- 
OGY, FOK  THE  USE  OF  STUDENTS  AKD 
PRACTITIONERS  OF  MEDICINE. 

Tkint  fitUion.  rtritrd  aurf  eorrttOd. 

By  iL'STIN"  FLIXT,  Ji,  U.  D, 

FralMMira(rh7«ioI<!f7aad  Phjidol«^cal  Antlotnyjo  t)i«il«llmu  Hotfilt*!  HhUmI  C*1- 

lege,  Ntw  Yerk ;  Fo1t»w  «( the  No*  York  M-aAetaj  M  lledirinc,  Mr. 

la  one  1*rm  Sto  toIiudc  <A  B;8  pp..  «leguil1;  pTtai«dl  oa  Doc  {wpcr,  mud  profBtol;  illa»- 
tnlMwItli  Uireo  UUti^rsphtu  Flalo*  ud  Sift  EnErmvlc^  en  WixhJ.  CJoth,  #M0; 
•Iwqi,  tT-OO. 

'■  TUd  ■aOioi  ef  tbU  BOrlE  UK«  noH  laiaua  iHe  very  rortmoM  pfa jalshicliu  of  the  tf,  ud 
ttitetLt*  wlilch  hehM  ImlDvti]  Id  brIiiiAiif  Uiit  (bird  rdllloo  ot  bl*  IczMKnk  up  lolbciivMM 
tJ0»IIIansrb1**claua  l>(iblEin«d  la  «nrj  cliBt>tar/'-J(<dlletiJ  «M  Anylra( /Tnartir  (fUUM- 

"  la  thr  aaxRDl  ut  mftllBi  thai  llcAnuln*.  In  lbiiipciie»  and  bnorrof  It*  lllaNnltnw,  In  I 

ir»l«tr«t*ip«rlai'i'U  ilowrlhml.  In  tb*  oomiilrlvnn*  wiih  whirb  It  •tlicn>*#*  ll>r  vMaitM  4 
hamm  pbtvioioxT.  ■>»•  won  n/paMH  any  tMn'book  iii  thv  Ereli<h  liiii;DS£r."~0iifM<  r 

"  Wi>b*T*nol  ihc  (lUtbteal  iMaDtlon  oT  eritlcUIni  I  he  onik  liifun-  iin  Th?  mi^kal  ftofM- 
•lun  ud  OoUasc*  bant  lakni  lliat  pirniGiiilTB  oal  or  ihr  iiutdcoT  IbiJoaniBliiuM  aaopllDcn  m 
ona  al  ib«lr  ■Unila  rd  ii3t-Iio»k>.  llifl  work  ha*  wry  itirtqoali  anil  on  •u)icttc-r  tn  onr  langa^g, 
and  noTybody  Imewa  it,"— Miaiwmaiuilan  JfimQU|p. 

"TlMModoRl  and  tho  uianlllnMt.  vbuK  aunnd  pnciltn  injM  IM  liatad  on  an  hiltMftvl  ap- 
pii*<lailnak  ar  Ibr  prlDHpIv*  of  pbyitlalu^,  will  lif  n-lti  iltid  ell  *abjiKti  In  ahlrb  Ihey  aro  Itil"- 
Hlrd  fully  diMnMFd  and  ihnniubiy  tlabonlad."—  ttUtgr  unit  fWnKal  Bimnt. 

-  Vin  nrcd  only  tay  ihM  bi  iSli  iMrd  ntl'lnn  ihr  vnrk  baa  Mm  oirrfblly  utd  Iborvoably  we- 
tMiI.  II  la  one  niour  aromlard  l*ii-bai-k».  and  nn  pbytlrltn'a  Bbniy  iboald  be  HllboulH.  W* 
IrMaiiie  K  Mifbly.  •hall  ktie  li  aebiilF'-.  tiidu.  ami  nroiuCnciK  poalilan  oD  ouralU'ir.  aiMldaffai  amr- 
*tlvn  hinniiBla  ispuMi-ia  Ihl>  elcwaiLl,  caniutvUi'Diitc.  anu  aotborllailn  work."— ^avrMita  tp*- 
dalM. 


THE    SOURCE    OF    MUSCULAR 

POWER.  Arguments  and  ConclusioiiH  drawn  fi-om 
Obeen-ntiona  upon  the  Human  Suhject  under  Coodi- 
tiona  of  Rest  oud  of  Muscular  Esei-cise. 

By  ACSTIN   n-lNT.  Ji..  M.  D„ 

PratHwr  of  Pli]r»to1iiiy  In  tha  Bcllo-ui-  [liisplul  Medical  Cnllcgt,  New  York,  Me,  cic 

Svo,  Via  pp.    aotb,  «1.0u. 


OX  THE  PHTSTOLOGTCAL  EFFECTS 

OF  SEVKRE  AND  PROTRACTED  MUSCULAR 
EXERCISE.  \\'ith  Special  Reference  to  its  lulluem-e 
upon  the  Excretion  of  Nitrogen. 

By  ACSTI^l  FLINT.  Jr..  U.  D., 
ProfdMor  of  Fbrtiologr  in  tlir  B<d1iTuo  Ilnaplial  Mmllcal  Colltfti,  Vtm  Tork.  MC,  Me.' 
Bvo.  91  pp.    Ootb,  91.00. 


K«ir  Tofk :  0.  APP1.£T0N  A  00„  1,  8.  A  0  Bond  StrMt. 


•»*The  BftOKs  atlrertUed  in  this  List  an  commonly  far  mU  by  hooktUers 
in  ali parlM  of  thf  country;  but  any  teork  tciU  br  atnl  by  U.  Ai-i-i.itTOX  Jb  Co. 
to  any  iidihata  in  the  United  iHatt*,  poMaye  prepaid^  on  rwtipt  of  the  advrr- 
titid  prict. 


CATALOGUE 

or 

MEDICAL   WOEKS. 


BARKER.     On  Sea-Slcknes8.     By  Fordtck  Babkkk,  M.  D.     16mu, 
;i(>  j'ikgi's.     Flexible  dotli,  75  c«iil«. 

RcptinI*!  (torn  Ibc  "  Nctr  Virk  llfdical  Jauren],"  Br  naiOn  «f  ibe  trrtal  ilcmnn'!  for  1h(i  Dtimbcr 
of  ihal  Jnumkl  conululnit  i'>"  )>H!><ir.  \i  i*  nuvc  [in-itnltd  iti  Imak  fbrm.  «T(li  micti  pivsi-riptloDa  ntlJciJ 
M  lh«  ■uUinr  liaa  fniiii'l  uufiil  lU  rIiovItij;  ibe  tuttcriox  Iri'Oi  wu-alckiicu. 


BARKER.  The  Puerperal  Diseases.  C^inicftl  Lt-cturM  OoliTereil  nl 
Bollevutt  IluMiiirnl.  By  PitRiivrK  Hakkkr,  M.  D.,  CHnu-Hl  ProfMMr  of 
Diiilwifi-ry  atitl  the  Diwiusps  of  Wompn  in  the  [Vlli-viic  Ho!t|iitnI  MutlicAl 
Oollpgo;  Into  Obstetric  Physician  to  Bcllcvuo  ])o»pitBl ;  Surg<>nti  to  the 
New  York  iStatc  Woman's  Hospital,  etc  Fourth  e4]ilion.  8to,  626  [>agv«. 
Cloth,  13.00 ;  sheep,  t<t.UU. 

''For  tMarlj  Iweatj  jcan  !t  hn  horn  ny  dtit;,  u  well  a*  mj  i:«!vlt«ge,  to  t\'"'  rUnlcal  Iwtnm  at 
BtllrTtw  tiMplbi]  on  tnldnlOiri*.  tho  piicrprral  *nil  ihc  niin-r  •I'ihiiw*  <it  wompn.  Thin  tciIudm  U  mad* 
UpaatBnntlnlljr  IVcini  ph<in.v^rn|<)ii<.'  n'port>'>('ili<.'  Iii-liin«  ".tiirli  I  li»vc-  ;:ivini  an  tliii  |>urrpor>I  dltraaw. 
Ilnvtnic  had  raihBrei<'i-|'rl<>iiii1  '>pix'iiiimili'>  lor  [he  -iiuli  of  thrv  'liH«>->i.  I  havr  Ihll  !l  In  lie  afi  im- 
pi'mdvo  dulv  ti>  ulilijf.  ■!>  flu  a-  Imj  in  iiiir  t">i'';'.  the  Bdi-aDUiuo>  whidi  I  lisvp  tmoy«l  tor  Ijia  jwo- 
nialidn  tit  ■rlrTK'O,  aii-J,  I  hniH^,  fi>r  llio  intDtciu  c-|  bumnnlli."— 7n<in  ji-itAar'i  tV^flit*. 


BARTHOLOW.  A  Treatleo  on  the  Practice  of  Medicine,  for  the 
I  w-  iif  Siiiili'Tils  iinii  I'mctitioiicrs.  iiy  Kobeeth  H.vkthcI-ow,  M.  A., 
M.  D.,  LI.  I).,  ProfesHor  of  Mntcrin  Medica  and  Gent^ral  Therapciitins  in 
ihi'  JfffiTMm  Mt'diral  t'ollpgc  of  PhiLidelpht.'k  ;  rcci-nily  Pmfi-uior  of  tin' 
Prnctici-  "f  Modicine  and  of  Clintral  Mi-diciiit*  in  the  Mcdicii)  ('oih-gc  of 
Ohio,  ID  Cinciniinli,  «t«.,  vlo.  Sixth  edition,  revised  and  enlarged.  6vo. 
Cloth,  tb.QO ;  tthvcp  or  half  ruiwiii,  96.00. 

The  iBaii-  qtialltlmnna  ffc«raft»ri»lj(»  wliieh  hire  nndsRiJ  iliv  nuthur**  "  TrtaliM  nii  Uateria  HcdiM 
■MTlion)MiiUM''*rikm»plBbl«nn<nUBllviiMI){na[bilh!i.  It  n  clnr.tnndviiMil.aiidanTiinU.  Tho 
wlK>l«*ork  [*  l>rnu)iht  up  (m  ■  knvrtrlU^anilinmnK'nleB.ibe  latir^  aoaiiwitioiu  of  (DedlaJ  aclciioti 
■udDarbeiltpmdMloatonintJiitlwfKMrtnnttnlbnnaliciUBiMothi  dnlc  <if  |iubUaitlan.  j 


a  APPtBTO.V  A  CO.'S  ntUSTSATBD 


"ThulantCBafahwcf  raadffn  who  ivr*  tliiMdy 
flunlllu  vlth  tfaii  *ori(  iiUI  ba  %\%>i  M  1«ni  tliot 
Ita*  prwBDl  dJItioD  hiu  bueii  (afiilUIt;  revliod  bi- 
Iho  Btttlior.  eiiiaVUralih'  ontorKoi],  mil  L>  IntuiuluLl 
toincluju  all  Uinl  hM'in  thu  rant  mtnt  |rario>l 
be«Q  vlpJiii  lopractiail  invdti!la«,  mpscinltii  in  H* 
ulinlcml  liotlioll.  Till  aoilior  llilicltllla  biiDKir  ou 
tl|e  UrifD  •dim  qIiUiIiimI  Tir  tliv  pnvioikx  hIIiI-idi, 
ulld  llirC  it  nn  tnuir.ri  wlit  III*  (irBoiit  iiui.'  >Ii"IjUI 
iiiT  oiiitiniw  ti)  sail)  In'  Ihn  opinion  oT  iiunt  ■ 
Wlmt  d<mbtla«  lenda  tlioTolanwoncoriUipiviul 
nliTiiflliJIu  lo  thois  tt  the  nUtbariUtlTc  vxpraviolu 


Uil  oC  llu'  nii>l<:  t,iit\i: 


ul  U;*,  UmIj  o[  ^JliaU 


Uip  n«il«r  m!ithl  1m  li'rt  in  uiictttu'nly  clwvbura. 
Till*  mnurk  ik|>i>li(w  Wth  lo  (■Ibnl'iiii'  nnil  Irvit- 
mcnl.  TliL-  rullncTH  nlth  wlilcli  ItKiraix-iiiln  ■in 
lftui(lil  >liiiiilit  in  iinlcivoctliy  aiuir»l  v-  thl^  ina- 
JoriC)-  ur  triiiitliiii*  oil  pmcliiv.  Thi»,  too,  l>  un- 
•louMvillv  n  fi'iitom  wliioli  hI!1  br  ((niwsWi!  to 
numoraiM  iniivhuian.  8i>nM  nwintnit  rxrett  or 
miwMcnnv  in  c«rt>iii  portion*  b  txptnUmJ  by  xhe 
bot  tbit  ltd  U  hut  one  T4tutn>af  a  Mrrlc*  pnipowd 
br  tliA  mitiiof.  wliluU  «tU  invur  ti)i9  nh(i|i'  iLnnuln 
or  (pmiinl  pnlb"^>aT  uiii!  lln-mi'eulic-." — JWimJ 
iMif  Suiyiml  Rifmrltr. 

"Tlmi  tU  oilltlcin*  cf  «ich  a  work  iboalil  ho 
calli'J  r-r  ill  ail  yiuin  ii.  |iiirhi[M.  ilm  miMt  llnUur- 
Ina  tviiiiiiiiiitJ  ihui  >  iwik  fui  iva-ivv,  mii]  uiii>i 
ontwvucli  t-tvry  utbcr  voniui>iDl.  ftivonblc  or  uli- 


Ihinnblc.  Id  the  pnbtm  t»  tbU  edUina  b  m 
■nnonnivuinit  *blcfc  will  be  •rfloonwd  bt  aH  «f 
Dr.  Baitholow'i  niuncToua  mliiilivr-,  uaauaj,  ttal 
hu  luu  now  in  iHvpuaUiii  ui'iibiT  «a>k  <•  tkt 
'  Friui'inli'*  of  Niidiirino'  vIiMb,  lonUicr  wlUi  iki 
one  imdor  rcrliw,  and  hii  ■  Succrt*  lledka  w4 
ThurapciiUo,'  iluill  cooililutc  a  trto  of  ml  ■ill. 
diuli  coiitAlnui;:  Dtultui  iiirnjilniiitCilMj  t»  |b 
^biirik.  i\riiiiily  tbroc-  niu'it  ToJmnfa  miui  ostH 
•liliilr  u  niiinuiinal  "bioli  irill  nndar  the  wtlM^ 
Hime  aliiintl  uiidyui^-.*' — JltJIeal  /nmaf  tfa 
Stu:  }'ert. 


■■rrrpfi-™ir  Diirllinltw  odikiuiimb  inlhc  | 

nr  iSii  (iliiioD  til*  iniFiillon  of  pr«|iarlQB  a  wi 
In  (hrvc  volume*  d  bicli  iItuJI  O'rer  UiB  nbdt  ib- 
mula  of  ifioc^al  |uii>iMi  uv  uiiU  tlHTi>|wulk«.  Tin 
itfluuu  rill  'Tilnti'Tu  Uridica'  s|>p<mr«<l  «eBf  flMi 
o^rii,  bill  iliv  thini  I'lbimt.  "liDoh  sill  Inat  <<  llo 
'  i'nii<.-ipU-<  "I'  Mol;i-inv,'  in  ii<ni  in  cc<«rio  of  («•■ 
I  111  j-ro[iuTTLiL'^n,  aifi  iril],  vbt^ipublijiliediMfppUta 
It  iiii-i  mluulib'  >i't  Til?  iiniKrni  mliiion  of  IV^ 
trrnit  llonliiil'-w'a  '  Pnu'liw'iKiotioiWTCUjIuM 
Ibiiii  tliir  liwt,  ni'vi'isl  lU'W  Hilijralt  bavUif  mdii  D- 
trMdunHl,  (•nfcihur  wlili  nuairroaf  ii«v  tttaulnUan^ 
li  li  JpiorvoitiT  iiojiiiliir  ulth  prwlilioDan  ml 
•luib'iit*,  H'xl 'iKDlj  en  t'lDi;  tu  lif<ww  on*  <if  Ifta 
vinniluril  witrka  on  iimi'ticr,  if  It  baa  not  tintAy 
iiTl4iltitii  (lii>  pii>ilifni,"'-/biit<»  Midiail  <hJ,^^«v 

•'  Thii  ili>iM.n«J  [">  I  Hilarity  of  thi*  work  b  •(• 
Ipuctl  )iy  llio  Tmi  thiit  Ibp  lint  edition  «■•  liVMd 
iu  I^•|J,  lIjBl  n  iiviid  wiu  dumatiiln]  ■■  IfcMr 
uixiilhi,  mill  Thul  ibi'  (iilicT*  bai'*  follawod  Ihon  h 
ra|ikl  hiioi:i*-«*E'iL]  aii,l  btfifii  ia44  bjr  aiififBdallvi 
tlii<iriit>  iIhiii*.  Tbi^  aiilb-ir  aaya  tnlua  pnftn 
bilbiitititir'ii  Hint  ht'buKnwbit  loOMko  h  W(«tbf 
of  ilic  ari|»roliatioi]  ol  bin  rvauim  by  bionoAiVt^ 
{'nultml  rcaoum*  of  kl>  vork,  datolltu  hit  rtH» 
tiiiii  cbivlly  CO  tl<«  vl^iiieal  luinct*  iT  iiinllriafl. 
nitb'jut  »iril<>ikiiii'  Iho  adiancM  muhU  Itt  Iki 
■I'lcDtillc  Ijriiiicli.  Till*  Fook.  like  tJia  pmrfoiB 
odliioni  o(  tile  nbtk,  It  the  |ir>it]u«|  of  a  saMr 
uiiil  uii  lioiii>tvd  auibority,  aad  in  ila  new  tm, 
Milb  -wh  nftliv  Ialc>t  bitta*  ok  tha  uuluir 
conK-imiiinil^y  indone  or  prMcDt  f<^r  eeof 
lion,  04~<iitin  Ilea  to  hold  ita  pljuv  lunonir 
■iondonl  ttit-bonk*  on  ^1  uiauiin  iDviudcil  m 
—Xarik  V'lnJiwi  SfiJieal  Jatmal. 

"  Thin  valuiililf  work  appewa  la  1i*  rixth 

tiou  voniiilerabl;  DnlargctL,  and  inifvnTod  nniMl' 
4llv  In  uionjr  ropRia.  Tbo  arrariniBm  a  Iht 
•ubJucW  anpoan  t>i  bo  pralty  much  ln»  laiM  w  Id 
Ibniirr  ndltlnna.  and  tit*  d>->ori|itinn  of  itiiiin  la 
■In  little  mndifiiid.  i^mc  iiv*  eltif«nr»  ban  iani 
added,  howcrer,  and  ne«  nukjMa  IntmiilHil. 
iiiukiiiir  ihe  volmne  nimplololj  o»iT*  Um  bOm 
ilniiiiiiii  i>r  |im>'ilvr.  vltboiic  aii,vllti«f  annilnML 
Conaidei^iU!  t)"-  it'iiii>niM-  ■onro  of  ■ulgmta,  tb* 
dlmWcH  of  •cnii'iiii'Tit.  mill  lb*  plalii,  tens  uaa- 
nor  of  (iciiloic  uiib  tbc  phrannii-na of  lUvaH, tfato 
l-niiTtUsI  work  ha*  Do  oomBclnfl." — Jliimtm  COt 


IT  on 

1 

■■■■(.  I 


BAHTHOLOW.    On  the  Antagronism  between  Medicines 
between  Itemediea  and  Diseases.     \ir\n^  ilit- ('mi u right  Lvi^tu 
for  the  Yt-ar  I«HO.     By  R*iiikrt«  IUrthou.w,  M.  A.,  M.  D.,  LI-  IJ., 
f««M>r  of   Materia  MriUcii  and  General  Tlii^ra pontic*  in   thv   Juff*-: 
Hodim]  Colk-go  of  rhtlmli^lphia,  oU>.,  no.    8vo.     Clotb,  «1.^. 

"  Wd  arc  elail  to  pnHCH.  in  a  fii^i  •niivenicDt  df<dootioiu  of  a  oandbl  Mtd  lomniiillahpd  i.  __ 
for  r>f«mico,  ibU  iui*t  luiviit  (umiiiary  of  tho  Niafdiiv  tbo  QKiHeatlona  of  iIiIb  kon*  lan|(*  i 
phyaidiJitiisIavtionof  imi>unaairKiiMili(ia,with  tho    etrnmi  »Mei."~-VtUt^  and  (Xinitat  tbtrrd. 


1    (^^^ 


CATALOQVB  OF  MEDICAL  WORKS. 


"TIiMe  CR  (b*  *r)tvn  >lio  hai'*  takm  thu 
ODuli1i'!ocom[iiliithctucuiiniiiLiniorih<:  muhllwle 
Bl  ncrilililop-  wli'i  fiiiJ  n  iiiuelHf  In  everj  Jnl«  llii-y 
LapMii  Vi  i>Kf-r'ntifl<  lor  u  »rU'UiiiiUxt,  iiutj-mulitf- 
rnUTl  ititvBKt ;  uid  lovor  wlm  can  Jrlv^'t  llii^  tn^liv 
chaff  Mid  innirT  only  the  H|ii-.  [iluiu|>  i-n>'<">- 
Thl*  IbirtlialDw  liu  done,  and  uo  one  is  noiv  ripe, 
nor  Iwtur  t|ualIfliMt  (or  lliU  lieronlMn  twk:  nod. 
itiD  bnt  of  *ll  i^  «an<l«Biw  It  all  In  M*  nDtayib 
Unuii  N'<  one  can  i%n[M>  it*  jiiPuiiaiU  iiue<t» 
wtihoLiI  uotlolag  Uio  paiaaiakiDji  rc>ijur>:h  mul 
IhKO  oollcttiiin  of  anthorilioi  ftnni  uli!<:li  be  bru 
dnwn  hi*  conolulona.  The  pnwtirVonui  who  pur- 
chaan  th«M  BDU(on'uini>  wit)  nuil  lilnmc'ir  Iwtiiir 
qwDfltd  to  KOM  initti  till?  niuhifarinuii  RiclnJiM 
■Itrr  Ita  tannil  pcrriiBal."-/ni/ii»id  3t*Jiatl  fie- 
ftrttr. 

"Tbe  friticiuiu  mad*  ii|>nn  tliOM  Imwn*  h«v« 
ioTarlablf  been  tnoit  Ihrorablir,  Iho  lojuc  iImIT  i* 
•a*  of  tho  mwt  Intormtlnz  In  the  sniue  raiuo  of 
mtdbjioa,  anil  It  ii  traottil  ur  bj  tho  atcDmpUiJiod 
nutborin  •  m'")  ■chiiiurty  naiinor.  ]>r.  Kntttt-ilaw 
vottUly  rankn  u  »iiv  >>r'llic  bi--t  nritFtg,  uliilv  sL 
lb*  MIDO  llmr  am.'  o(  lliv  iDoit  dillunnt  wurkm,  ill 
tb«  nMiBcnl  ndil  Ln  all  AiacrU'n,  nnJ  ilicir  ma  bo 
po  doubt  lliut  tlii>.  h.i>  liiti--t  iNiaiributiou  tu  in«<I>- 
oa]  *rivnrici,  will  aiitl  materially  Vi  liU  prrtiikn^ly 
hi|tb  reputation.    Much  profll',  no  liltlv  pleaniirr, 


and  (natorial  aMiManon  la  tha  lolutloB  of  many  I 

tlii'nipi.-ulinil  pn>l>lvii»  ara  Id  tw  ul'ii.iiiril  fV<>in  a  ' 
pvnuid  of  iliiit  iMtuna.  TIM  Dullior  1ii»  dt<uu 
wUi'ly  and  t'onfemid  n  boon  (7  pfniilillni;  (bdf 
[>u1ili<'Hi ii'ii  Id  ih"  pnioiil  bnok-l>Hui.  uiiil  ni^  urn 
mlindi'il  il  «ill  U-  Kilvnaivrt;  Mkrd  for,  uitil  jii»l 
iin  ittviiFivtlT  md  and  B|>prc«iBl«d."~  (^norfa  < 
Mijitat  and  Surjieal  Jovrttal, 

"  )[  w-lll  b<i  (ibtvivrd  that  thr  Mx-pF  of  tlm  wnrk 
it  FttoiMVr.  Olid,  in  jiKtiiv  tu  ilif  auih'>r,  iini  only 
iailic  I'VT-jnt  if  ihii  in-Jitaled,  but  I  tic  vlintnrtfr  \-t' 
It  la  aUo  f'unjLfiljvJ,  No  ocu  can  rmd  tlie  pvcp?|ffiia 
j[iT«ii "  iili'Mit  brimr  ItHiin-ied  Willi  ilic  iiiii^rimiui 
pud  dU>r*iiy  i*f  tJir  ^iil'jivt-  omt*!!!*'!"!!,  liLilvi'd, 
moM  of  Dipiuipiitiiiil  lonv*  in  ll"'H|iwitU-«  ami 
nialeria  lOfiliai  an  Ijriiiti  alalvd  ajid  auidjitd." — 
American  Jlidital  Si-  H'ltUf. 

"  I'TohaWy  nuM  of  our  tvadcr*  will  wm^iiltr 
lliat  «e  bavo  awarded  thi>  tnatW  h'u^  rmi'v 
wlitn  irc  aaj'  that  ll  aprm*  in  lu  tbo  moat  ourel^illy 
vrlllcn.  lust  tliauKhVnui.  und  loitat  •I'Kinntli.-  uurk 
wliidi  HI'  havcyil  mil  IW1111  tho  luii  nl'  iUautlnir. 
It  it  iiiduKi  a  iity  prui-ffworlbj  bwik ;  ii"l  aii 
'■risiiial  nvi'invh.  (ndcnil.  bul.  a*  n  rtniHt  ol'  die 
world'n  work  ni-oii  ibe  nuhjotl,  \be  li«I  ihai  lina 
liltlioiiK  liniii  puliIUhtil  In  aijy  laD|{uai[i."— 
1'liihiiStift.vi  iliiiisal  Timat. 


BABTHOLOW.    Treatise  on  Materia  Medica  and  Therapeutics. 

H«'vi»i,^]  iiriil  fiiliir^oil.  Eililiuii  of  IhNI,  with  t'umpk^tv  lixli-x  im<l  ThIiIi? 
of  Conlcnfd,  By  Rihikktk  Hahtiiwlow,  M.  A,,  M.  !>..  I.L.  D.,  Profcwor 
of  M«tona  Itk-iliva  and  Tli crape u tics  in  the  JcffiTvon  Modical  College  ; 
formerly  Profeisor  of  tbe  Theory  and  Practice  of  Ifvdicine,  and  of  CUdi- 
cal  Medicine,  and  I'rofeaBor  of  Materia  Siedica  and  Therapeutics  in  the 
Medical  Colle;j;e  of  Ohio,  etc.  Seveutli  cditiou,  reTbed  and  enlarged. 
6to.     Cloth,  tS.O<) ;  .shi-fji,  »«.00. 


TKi  fvihaing  art  noliert  0/  the  lufA  fditUm ; 


"Tb*  lery  htat  eridenuo  of  tho  n)0««a  of  a 
nfc  h  Uw  Mollnuoua  and  Incroatloir  dviiiand  for 
IL  BollMlow'a  ■  Malorla  Mcdioa  and  'riii>rn|irii- 
iIm*  Iwa  fcllowMl  thii  oaiir>e  •Incv  th>'  appuurance 
of  Ihu  llM  edili'iii,  in  dune.  mil.  and  baacnm- 
^llcil  the  pubtiflhcnloacnin  pliicc  btrfon^tho  pro- 
■avion  Ibealxth  edition-  In  ilil*  Inun  ufihe  work 
tho  author  baa  mlitU  tin'  ruiiti'r  I'dilinn  mtr-l 
eaiefully,  atkd  ha*  Inoludml  in  ila  Tiiu,-in  the  iutp* t 
and  the  iiin-t  valuable  rviuvdiv*.  Aboai  one  him- 
drcd  pBiin  lian  thus  tKcn  added  to  till*  nliiiil'lo 
work,  tbc  neiT  MDUibutiuna  bavins,  at  tho  oiitlxir 
Mate*,  bivn  nmlKnod  id  l>laoiia  anjovdini!  to  tlirir 
phy>l'-l<>irlca]  rrlBlionf^  TliC'  nianr  addmnnn.  ju-it 
MMTvil  u>.  cnn  only  bo  nbarrveil  by  a  tantui  cl- 
aniinaiioii  •>(  all  fiaita  of  (hu  book.  .  .  .  The  work 
M  not  only,  u  in  bmier  cilll1<jiiii,  will  atranupd, 
but  la  the  lUAl  pnii;naatve  oni<  nf  all  thow  U"* 
bafnre  Ibe  prolcHmn.  in  llio  thortiuiih  mniBideratlon 
of  all  llierBMUtiv  aifatiirw  of  value  In  tbo  ircnt- 
ttHDI  of  dbiwo."— JM^mT  AvM«'. 

"fiiniW  HTfl  thia  work  ha-  pemil  Ihroo^b  ilx 

•Oidad  lo  ineilical  ■orlii.  .  .  ,  We  ha>u  written  in 
fomer  bsuoi  of  tho  tluiimal  mir  ai-p(Tciaiii<ii  of 
Uili  TOlwnr,  and  «c  take  lids  orea>ii»i  t"  »y  that 
m  cMnaiilar  It  a-vnlial  t"  evtry  ««4l-«(iloel«d 
library."— A'ptM  tbnrfi:-*  JWfmT Awm/. 


"  Il  U  la  lie  natuTBlly  aMiinied  tliat  Iho  appmr- 
anuo  of  sli  rililJotu  of  tlib  work  in  a  )»niH]  of  a 
llltif  mum  than  derm  nan  la  nti  iinUnliiin  of 
the  measure  uf  appredaitun  in  whioh  It  [■  lidd  by 
the  pTDftaaloa.  .  .  .  The  aiii>><-r'>  luldltlniis  bar* 
boon  ananHve  and  Impuriaiit,  a»d  i;'^'*  ii"'»ii*od 
(aluv  In  a  wnik  Ihal  i«  alnradj  rKojinlnd  aa  o«- 
rupyinic  a  vciy  tnDApicuoua  plnm  in  Die  m«dh«l 
liionture   of    the   dnj."— CUW*  mat   CItiiiMi 

"  ttinw  Boitbcilow '•  ■  Matwria  M»*<»  *  apprarrd 
rlpvvn  ytara  ago.  it*  wieral  cdlEiona  ha«r  'vciipiuil 
a  plao:  of  which  its  ailtliT  may  well  f«l  piond. 
Id  the  iirHciit  cdiiii'-ii  wo  Iliid  mnch  now  niallar, 
wliii-li.  tnlii'ii  II*  a  wtiiil(>.  adds  nearly  ono  bondraa 
l>Bict*  Till'  'Clinl<-ul  Indn,'  whioh  coutributM 
^rinllv  to  Ihc  naluu  of  1I11'  book,  ban  bean  rtiainod. 
But  icw  bwka  bucoiiiD  so  popiitar  U  Bartholow'a 
■  Unt^ria  Modkia.*  "  -  Hvilite, 

"  Banbolow's  ■  MaUri*  Mcdica '  i*  a  1>nok  l«o 
well  knouti  to  the  pnitliioucrs  nf  mcdleinc  Bo 
tirul  at  (hU  da;  any  ravlirir.  .  .  .  Vriqinallaatbly 
Ihc  nrw  •diliuu  i>  n  Exnl  linpraveinrtil  <ai  (he  old 
111c;  and  «v*n  if  Di'^Tiinir  ii'rT  a<lrtnl  Iiul  n  stm 
Dian  slalMiirBI  alniil  iivw  nmvdlm  in  iwn'  allu 
titc  last  edition,  the  wntk  would  bo  da^inkbti 


V.  APPLETOX  A   CO:S  U.LUSTRATET) 


BASTIAKT.    Paralyses :  Cerebral.  Bulbar,  and  SplnaL    A  SIsuui 

of  l>iugnoei»  fur  KtQ<ien(s  ami  Prtctitiuncnt.  By  H.  ("iia)»i.t»>.'*  UA8riA<i. 
M.  A.,  y\.  O.,  V.  R.  S. ;  VvWov  of  ib«  Royal  College  of  PhysiriaM ;  Ei' 
niniiifr  iu  Medicine  at  the  Itoyal  College  of  Physicians;  Pn>f«M)r  of 
Clitiieal  3!editine  and  of  Pathological  Anatomy  in  I'niver^ity  Oillegt, 
Loiitluii,  etc.    With  136  UhislTationi.    Small  Svo,  671  pagm.    Cloth,  tU* 

"  Tlie  work  L>  d(«iniG'l  If)  raciltUtn  diuicii'Kiti  of 
!he  var^oun  lliniu  of  poralfiii.  .  .  .  Tli?  l-iok  niij>- 
pliM  >  wiuit  Xnui  fell ;  to  eonu:  IVoui  llii>  «I«hruUid 
Bullior  lunLiM  >l  iDurb  taut*  vktuablu." — S'ifiito 
JMhW  anJ  Satyiail  Ja  urual, 

"  Wp  dueni  ilio  «urk  lo  ba  oiw  of  Immnnw  valu# 
wliich  niiutBdiljtrsatifloibBUthOr'ii  alri>iiily  latgt 
rv|iuUtion,  and  no  an  hnkctllr  ^UJ  to  tn  It  niim- 
■luoiui  t>}-«i  Atoortmn  pIlMMiltut  lioiuc."— JTAit- 
tal  Prm  qC  Wtt^n  .Vw  fat*. 

■■  Throujtlioui  Ihu  n>'orh  ilm  autlinr'*  matlnj  of 
tbV'iitgtvt  i>  iviiuraiilty  at-[>irvii<,  uiiil  H  miitt  take 
nnli  u  withoul  u  (upvilur  iii  iu  ipeditl  depktt- 
moul,"—  JlrtUoil  and  SurgUal  Bforifr. 

"Till*  i*  '■  iiMitu«l  ctf'  iliaf*o*it  Ibr  tnHetUM 
aodpmotltioDen.'uidaaa  apodal  work  oa  iWadi- 
•Knolbon  loollnliaD  of  >  piiraljriliiK  Icuion  wv  do 
not  knnwoTlUMiul  la  lov  lanfUt«*."— TimaM 
JMnmI  JfontJUy: 

••  Wo  oui  rimimXy  wcommend  Dp.  BMtSBn'a 
wcirk  irt  ibi'  •tuJunl  ■lul  pnunlttonor  rw  a  monu- 
nicnt  of  Ivoniiiiu  esettdiagiy  «v!l  \nA  io|[Bttier." 


■*  For  dittEn-Yi*  ButJan'*  «nrt  'ttl  ttfct  U> 

Shnl  rank,    k  !•  naD*rh*).''  '  itMi|4>' 

lono  Mid  for  Uio  wMhot  -oMi^ 

oil  timiieroiiK  obacutv  pnhlviti-  >•  .~  ^I'Jmtj.'— 
Anurinn  Jauntat^  IM  iMinil  tirimjm. 

■■Tlic)nnki>denii«dtath>'  ■'   ■'-  JitftdMr- 
dwIb  ot  t.>nOi>i>.  ami  It*  il.  --mm  W  b 

aid  xiif  pfij  AicUn*  vh«n  bmat'^'  ^^^  reht 

raw  nf  ranlr^  nerw  tnnil^r  r>r*iit|ia8  la  » 
iBliiii*,  Id  local*  tiM  acat  «f  Ibr  tatton  m<  II» 
tnolvblc  extcnl  of  tb*  imabte.    It  Ula  a  itav  k 

till*  dcMirUiiont  nf  nmilfa]  IkpratOTa  D<<  MM*' 
li-ic  UkMi  np  tr/  any  aoihciv  irkli  aafk  Mil* 
limit*,  and  its  iiioril  w>  enual  to  the  authHr**  m*' 
tation."— .VotM  OtnliiM  JltdinJ  Jvmnai. 


"  Id  nnfeldins  (hi*  inm  tbono,  Uw  i 
onljr  nota  forth  Kith  («(•  ttio  i  jiiiirnaiMnl^  )l 
lli«  alTMinnr  ill   hand,  Sal    pofaca  Id  ictWv  iI 


OvcDIJiU  bctori  ttt  tbe  NiatoifOr,  [iJiyiioiip,  ■! 

Btbolnsr  of  the  Bttvaii*  uyvtent.     Tb«  riawTil 
U  KuTk  will  find  aiaay  pointa  hiihuriA  tirtat 


In  iUa0ia«li  tind*  cb«T,  aod  in  (i 

ahio  U>  rMl  hit  pnnn>'>*>>  and  u«i' 

faw  of  Ib«  fotuia  «f  panlnja  uiwn  ■  !.:=>■  >:>: 

tUo  bod*."— .taeiota  Aii«riUM«-  «W  Aw 


I 


BA8TIAN.  Paralysis  from  Brain  Stseaae  in  its  Common 
Forms.  Hy  II.  Ciiaultok  UABTtAtr,  M.  A.,  iU.D.,  Fellow  af  %bf  Rayii 
College  of  Physit^iaiiD ;  Prnfi-isor  of  Patbologiriil  Anntomy  in  Cl 
versity  College,  Loudon.  \\'itb  lllualrationii.  l£mo,  340  pagea.  Clii 
«l.75. 

"Tha-o  loMoraa  waadcHrtriid  In  OnlvtrnBty  C'^IIm*  Ilea[<llal  Iw(  fMT.at  a  daw  irliM  I  aMi 
duty  lor  OIW  of  tlio  auBlor  phfidclafi*,  and  diirini:  the  aamc  jcat^-trftir  Ika?  had  haan  rafindawl  I 
yrrj  fall  nolv*  lakva  hy  my  fKond  Mi'.  John  Tviadj  — ihtr  apwaroil  In  the  fmc—  •■*  *  t  ■>•  '-■' 
'riiey  are  iiciw  rrpnbliahvil  nt  Ihu  mjucic  of  nmiif  frltndt,  (hi'.iiifli  nnlv  aflir  Ivarii 
•auvrul  rcvlnlon.  durin*j  whioh  n  oumliictmhtir  i]iiiii]tUy  <if  ii-'v  mailer  liw  hrn  wl' 
IwgnoHy  ti>  liave  vnry  much  liii'r™»rl  tW  *!»■  "f  Iliii  bonk  ^  (lie  IntiviliMir  ^oi  nomf-i - 

illiiMraliTW  naM*,  nad  hi  (rvntiin'iit  <X  nmiii'  "f  (lir  Hibjvrta  at  imattr  IcniT  tba  «itlHr  t* 

|iU(MWljr  abatain*d  tr^na  A-ia\^  iiiidcr  (bu  boiler  llial  In  l(*  pruKnt  fom  il  i-  j>niTC  mmK  «- 

MfMtblo  to  Modonla,  and  iil^o  |Kirhap*  mnre  oMflil  co  bi»v  pn>ct>IJon«n."— ftfrwf ^Vvn  Jljf'iia. 


I 


BASTIAN.     The  Brain  as  an  Organ  of  Hind.     By  H.  Ciuctnij 
U.\STrAK,  M.  A.,  -M.  !>.,  Fellow  of  the  Royal  College  of  Pliywo'uma ; 
fetoor  of  Piitlio logical  Aoalnmy  in  Fiii^crxity  Colleee,  l.otidon.     ^ 
l!H  lUuMratioDit  and  au  Index,     lamn,  70Ap«g«a.     Cloth,  tS^fiCt. 


'■  Tbia  *eTk  b>lh«  ln.>(  lionk  of  ita  klaJ.  Il  la 
nil),  and  Bl  Ihwaamt  IJiiiF  cniK-ifli* ;  cimiirfliiinaiv*, 

but  <^mSii(ii  tn  n  nnilnMi;  Uinll:  and,  llinwh  it 
doali  niUt  iDunv  aubtil.:  f-ijSJiVi«,  ^i  cx|»»uad>  (bom 
In  a  aif  lo  wblcS  1>  odciitublr  t-M  it*  oicarneai  and 
t  Itoplidly ." — il  VK  vn. 

"TI>oAil!a(trd«nliflcri[v«lioa  j<rt  publlcliod 
tt  tlie  rl«w>  bfld  on  ilio  »i>.ii,i>t  "f  inroiiolon  ^'S 
llniwlTMBOol  f<i)*lolsj!eal  .«liool.  It  W*ia>  with 
acir  and  Mg^Min  Idiw."— trnwiaw  ^Uiauu*. 


"  Dr.  Biattui'a  nav  ioofc  la  wo  (4*  (m«  • 
•nd imporlanoa.   TkcknnH!^!-*  Lt  .i... ~ 
Ml  In  lr>  rlalind,  and  f-f  ii< 
ahoutd  Ik.  f.Mb"lIhiiitr'i 

f*'.'  .'I  ^i'<.ola.  a*;!!  r..jti>«i  fcin*  . 

"'  '  t"  \v  otadt  a  iBaitw  >#  ilfcMfT  ■>• 

•  I"  :  .'l<mi>.  t.ui  thal'iu  an(4fal mi  «•■' 

atlcAl.  iiitf (Ml,  and  lir  lhlf*l  ia  i* 

vinit  II  i^'sni-i^kin  «uli  • 

■■(Im(<..-i .^-^1  williCiiefMllll 

■4^  rii)iiind."— Apalop  JStinn  M 


Ifl 


CATALOOUe  OF  itEDlCAL  WORKS. 


ST.    On  the  Treatment  of  Pulmonary  Consumption,  >>y 

Uygieue,  Climate,  aud  Aleilicino,  in  it*  Connection  witb  Modern  Doctrine*. 

By  JAME-t   Hesry   Benset,   M.  I>.,  Mcnibw  of   tbe  Royiil  Collece  of 

Pliytiirtiinti,  l,oudyn  ;  Uoclor  of  Jlediciiii;  of  tb«  Uiiivcwity  of  Fans,  etc, 

etc.    TUiii  8vo,  100  page*.     Cloth.  tLftO. 

An  Intcnvlinit  Mill  •niinicilvo  nnrk,  wrilti'ii  luUiD>tnin|[,«lMT,ind  ludd  tnancer  whiah  Afquftr*  In 
an  llmroatriliiiiioiu  of  I>r,  llfliuvl  to  uivdii-nl  or  t,-i'iii,<rnl  liUTMUK. 

■•WacnrdbtlTcoinniCDJ  thlabooklsthoDtlta-     iMnfwnibt  olimilu,  imlniulMlj  wwiumpllon."— 
lim  of  >ll.  fer  lu  pnu.'UciJ,  oiiatuoil-iiiUB  vlc*«      IMnit  Urtiric  ^  UtJitiiH, 
at  llw  nuluTG  uul  inalmtnl  oT  llio  Moiiiyc  or  ul! 

BENKBT.  Winter  and  Spring  on  the  Shores  of  the  Uedlter- 
ranean  ;  or,  iht-  (.icnoi'fie  Kivit-ras,  Italy,  Spain,  Corfu,  Gri-cti-,  llic  Ari'lii- 
]»cIago,  Constant inople,  Contiea,  Sioily,  Sardinia,  Malta,  Algeria,  Tunis, 
Smyrna,  A«ia  Minor,  with  Biarritr  and  vVrcaelion,  as  Winter  riim:it<*. 
By  Jaurh  IIknhy  KKVxrr,  M.  D.,  31ember  of  the  Koyal  Cullpgv  of 
Pbysicinns,  London,  otc,  etc.  Fifth  nlition.  With  nuinerona  lUustra- 
tiona  and  Maps,     l^tno,  655  pagOH.     Clotlt,  d^.SOi 

TliU  irarli  eiub>xUa  tlic  emrlcDce  of  flftun  viaten  rail  tprln^  jwafd  bv  Or.  Benncl  on  tho 
•bore*  of  iho  MoilltDmnMD,  and  canuiliu  mucb  Toluablo  lulanuillon  Ibr  ph; >lcuin»  In  relMloa  to  tlm 
lotill-mlorinK  olimM*  ef  ih«  n^ont  lindrlbviL 

"  Wu  Mmmniil  Uiu  bonk  to  «iir  mKlt>ri<  on  a  la  it  nno»  mlcrljiiniiui  lad  inMiuctiv*." — Xtn 
mliuiHi  pronntiDg  t*o  oapiul    quolificnliuiui — it      iort  MtSieat  Jonnial. 


BILIilNOS.  The  Relation  of  Animal  Diseaeea  to  the  Public 
Health,  and  their  Prevention :  With  a  Brief  IliHioHcnl  .Ski-iih  of 
the  r>cveK>|jnienl  of  Veterinary  Meditrinc,  from  the  l"larlieft  Agn  lo  the 
Preaont  TJnio  ;  and  s  Critical  Historical  Sketch  of  the  Leading  Seliooh  of 
the  World,  shnwint;  the  Keaeons  which  led  to  their  Foundation,  and  wilh 
the  Endeavor  to  draw  from  their  Kiperienoeit  Teachings  of  Value  toward 
the  KutabhshmeQi  of  a  General  Veterinary  Police- hygienic  SysUjin  and 
Veterinary  Schools  in  this  Coimtry.  By  I-'bask  S.  BiLi.iNr-s,  Veti-riwnry 
Surgeon,  Gradaate  of  the  Koyal  Vi-ierinary  lonitute,  Berlin  ;  Member  of 
the  Royal  Veterinary  AMOciatton  of  the  I'rovince  of  Brandenburg, 
Pnintia ;  Honorary  Member  of  the  Veterinary  Society  of  Montreal,  Can- 
atla,  etc..  etc.     8vo.     Cloth,  t-1.00. 


"ThI«liihoir»»l  hfliillli-b.uk  otDr,  Kwnk  S. 
BUIlnm.  U)<l  ll  I*  nnl  tm-  niiicli  tn  ]in>ciil<ii  Dim  * 
iiludr  mil  blBorvuim  of  it*  tusubitu,'*.  l)iat  are  iho 
mutt*  of  lotuiJ  cxputitDotiu,  will  vnrk  ■  rcvolo- 
(ton  in  the  ■aoilnri'  coDdltloii  of  tliu  L'liltbl  ^talca. 
.  .  .  Il  1<  ■  Bork  fcr  nil  ■Vick-hcRiliini  uid  tar  all 
fainUlu.*' — Lovitn'IU  Qi'irirr-Jonrntil. 

"Till-  it  iha  till*  of  a  nnrk  jiM  alvtja  to  the 
ncirlii.  aud  in  it*  pBjlB  (ulucetit  of  vTiaI  tntcmt 
Die  insln)  of  In  a  ludil  and  p<l«|ilruotw  iniinuor. 
.  .  .  ThoiD  wvll-oMablliihtd  *lai«iDK>iit(  >li'>uM 
nrmiu)  ihv  fotilii'  fwllDE  lii  fTMido  thai  tinant*  of 
boalUi  nhoiild  bu  aveytil  and  otfleient  in  the  oxer- 
dM  of  tbrir  dotin,  w  alM  tboL  u  IndlTldual*'. 
ovar;  one  ahonld  lalior  to  take  (ood  «an  of  hlm- 
lolf,  Mil  IVmilj,  and  hi>doiiu<*Uc>  aninjala." — AVw 
tart  TTnuf. 

"1'hla  handitAtna  toIubm  dofa  uioit  crcdll  to 
it*  ■ull>or  and  pilt'Iitbaro  It  la  *u  cirallrol  book 
in  mmt  icatm«>,  an  ntraordtnary  ooe  in  manr, 
and  an  otjtnliaiiabia  oiie  In  itrj  fott.     It  at  tbo 


vary  laaat  idiould  )ir  <ii  lhi>  litiiftriv*  nf  (Tcr;  n>- 
liniial,  Sliilr.  vxt^,  town.  at>d  county  BoanI  ol 
llalt^.  It  oettaml^  alionld  be  ntudlud  by  cverj 
ttmdicr  and  (cUntno  |iractitlonsr  d'  veurlnary 
ntcdtolua,  and  will  ha  of  arett  »Tvl(t>  |n  ctm 
mM  >took  Mid  outUe  holiloc  acid  dmler.  ...  ft 
i>  (liilonllr  vrritlvn  by  a  Dins  of  vnat  iibillijr  atul 
bigb  otltiire,  well  tvtHid  both  in  tbo  Ih'rninrc  and 
•oianoeH««11a*ihc|inwlScal  baariotr- "t  in-  •iid- 
Joct.  Snob  a  man  ha*  a  la^tn  and  itutlirnnijlr  ligbt 
to  ba*aoplaiMutof  hitoHo;  aiiil  he  lioa  tban.and 
(hiM  nol  bosilatA  to  oipni«  iheiii,  .  .  .  Wo  hOM 
■ml  bvllcre  that  tibe  loluoio  till  be  rt(wiv*>1  fiy 
iill.  cxnpt  )>erha)«  bv  ihMO  oiprriidljr  altcK.'ktJ, 
n-llli  tbo  cnat  wvii-niiii.  tliat  iu  aiillinr  sn-l  |i»)i- 
lUban  niiut  rxfvtt  for  il.  It  sill  lake  >1*  (tand 
alonipiidc  nf  tlio  pntiular  irmbmior  UlIliMd  and 
Kobertoon,  and  on  ail  PurtljracirDtldixnatlan  Kill 
■ml  ibau.  Ifiilicr  ur  tbgio  voirlu,  tcvetbo'  «ltli 
Dr.  BUIIii|c>'-'.  will  nMkaa)nuataoMD|ilat«1lbnij' 
on  Tutvrinar}  ni«liaiui.>." — Jvvntal  qf  Out 
Mtditint  itD'!  Surytiy, 


BIIiIiROTH.  General  Surgical  Pathology  and  TherapentioSt  ia_ 
Fifty-one  Lcotiiri-^  A  Texl-Uook  for  St^idviiu  ud<I  Phynicinriit.  By 
TueoDOR  ItiLLmmi,  Profcwwr  of  Surgi-ry  in  Vienna.  Willi  AdilitioBs  1 
Dr.  Alexander  von  Winiwarlur.  Proft-Mor  of  Snrgpry  in  Lailicb.  Trvu- 
latfil  fri>in  the  fourth  German  edition  with  the  special  periutaaion  of 
author,  and  revined  from  the  tenth  edition,  by  Char)e&  E.  llseklvj'.  A.  ] 
M.  D.,  Phyoicixn  to  the  Kew  York  and  Trinity  HospitaU ;  Monbt- r  of  tlie 
New  York  County  Medical  Socifity,  tto.  8vo,  632  pMgn.  Cloth,  #5.00 ; 
sheep,  »0.00. 


teKiiB  or  Uuwutws. 


va-     , 


Uw  tizUi  fKTUMB  nliiion  In  m4,  t«i 
vfitiou  have  brrn  j«bll«b«d.    Tba  l 
nvbion  l>  Duulu  tn  catrwpood  U>  lb*  4|lik 
tltrnwn  nlillcn. 

"  t-i-bV*  hh-UioiI  of  uitaepiin  Ifm^bM 
in  rFfi<rr*tl  (•■  id  vuinoa  ]>Uonii,  Ual  «lfe«  OM 
jKiiiiB  tlial  ban  cam*  Up  wWila  •  Itw  >■» 
«R  dWuMKl. 

~  A  chapta-  fan*  hnn  wnttni  on  hm^ 
tioD  ud  f«>i«eli(>n.  Id  all,  that*  at<§  maj^ 
/oar  additiaiul  pac«,  irUti  •  ■»i>W  4 
m>odent:"—£ttnrtt /rem  7W*<M«r'tM- 
dM  <«  Hi  KirttJ  JCJtlum, 


•'Th«  wMii  a  a  book  in  lb  C«U 

l^l^n^Hi^  pHnninit  In  a  <•««•«  bra  tte 
«fa<Ha  M  m  Ovnnni  rMJiolo«i>«B,  W  Uh 
iMfi  Mt,  aod  i>*  v<'ot«i«  to  Mj  w  M 
omiil  mix^  perf^?ttT  «ii>plT  tfaat  ■ 
tiM  |ir*Mi>t  voluuiv-  —  7**'  £M«i^ 


BRAMWELIi.    Diseases  of  the  Heart  and  Thoracic  Aorta. 

Utbou  Bhauwell,  M.  I).,  F.  R.C.  P.  K.,  LeoHirer  on  the  Prinoi|ilni  uti 
Praclicc  of  Medicinv  and  u»  Me<)icid  I li.tt^nosis  in  the  Kxtra-AoMlviBial 
School  of  Medicine,  Eclinbnrgh ;   Pathologist  to   the  Itoyal    Iq8 
Edinburgh,  »to.      Illiutrated  with  236  H'ood  Engrarings  an<]  OH 
grkpfa  Platm,  nbowing  01   Fignn-*— in  all,  817  ItluHtrationa.      ftrn 
pagM.     Cloth,  98.00 ;  Rtieop,  t9.00. 


Ivniol     I 


llio  itiulant  ana  nflwh  tliu  motiicirv  of  th^  biwy 
pniuitinti«r.  IticlhaoutanaiivorWnilhiiuwlnlin 
BBll  (Olid  work,  and  tlio*  ilfvoiil  if  all '  lUHliIinit,' 
wlilub  Ihnua  tlio  tiulk  of  uuuiy  moDognpliann  Ihin 
and  otliar  ■iiSjaclii.  The  nutcrial  U  tmlsil  wllb 
(luamnrd  to  it*  |in>p«nio(iauiiikiiurUTiiic anil  tlio 
luthar  no*  ktII  md  *»rly  nniMOiit  hiaoppnn'iil 
intantiou  of  nihvr  fiimiihinir  ■  snniiulwoFk  <if 
knairleilita  en  wlilcb  (hi  rndrr  miul  bultd  for  blin- 
•flf  by  pcr*onii]  o)u«rvatiiiii,  iIati  iif  niakiiin  u- 
ciinloiu  iuta  Ihv  nvlr-ii  nf  Hiifinn  Mi<i  of  biiry  bjr 
vhiph  hi*  bonk  <ni«ht  hiiv<  uicuniil  a  (vrbupa  tudre 
ra(]ld  but  «rt4Jiil>  a  Toon  otaDOMoal  anccoaa  thao 
Ihat  wbicb  tl  nil]  now  uixloiibuilly  and  doMCT- 
*d\y  ntlMn."~J/'Ji<'il  Tii.im  aW  OaulU. 

"In  llili  ttifcaoi  Aud  profntely  HhMfUtd  vol> 
am*  Dt.  Urainirti)  Iim  ttiMtA  ■  fteld  «fei<ili  hua 
llUlMno  bn-n  »n  voithilT  0«0ll|4e4  bv  8riti*b 
aiUlMHS—Hopr,  HBj>lca,WaUlW,andotlMn;  and 


WB  oan  nut  Imt  Bdwlfn  lh«  lbJ«*U]r  ^  ««» 
whloti  ho  liM  bolancd  rfnia  iim  «fii%.  A«  c 
•tMido,  ii  BBT  Tairlj*  b«  iak>i>  ^  nfrnwdai 
(ho  •luiid-polnl  at  vhioh  n  lia*>  ^ijinl  • 
ouilloc  iibriiolrvi  and  r>Mbi4>igv{  •«  4r  fti** 
o|i«iJi  Willi  HI  uitfiMlHi  toeaiSa  of  l^itifc^ 
ml  &fl>,  and  rspn-iatly  llio  adrannN  ■■*  rf 
Lil<-  vr«n>  in  lb"  nvUr"inaM?Dlar  naduolia  <* 
Uie  bmn  aild  Mond-VFtMlf.  Allbougk  b  tUt 
IctlfM  piiKlnloelaU  nanfcb  baa  uuiMfln*' 
dlinloal  ami  iwtbolaria]  otMrrtiinn.  Ut.  Ilri» 
vdl  fan*,  wo  thinx,  dono  vlwlt  Is  m  lDn*> 
diidiii!  bU  Innti-u,  tad  har<  IbnoliT  ytl' 
«di]«l  to  lU  vilrip.  A  rtmpttt  iiri*i  ^haf'r 
uwiiriam  innnltiiMa  ■  work  «blah.  R\)ai  Ibi  •» 
outiflv  n»in>ii<r  in  wMtk  Um  atildata  I*  IMaL 
ftum  tlie  nirr  and  diMriiulMlian  ahlUbiJ,  aaJ 
th*  QOpioiv  oloborafai  illMMnciu'w  «Hb  hM*  S 
la  idoncd,  ia  OBa  wMdl  wUI  adraar*  tba  mO"!*' 
nnilMtan  a*  a  BCit  hiiliMHoai  and 
cUnioal  ubHTVcr."— Zd*«A 


GATALOOVS  OF  MfDfCAl.  WORKS. 


BRYANT.     A  Manual  of  Operative  Surgery.     By 

Bkyakt,  M.  D.,  PruffHooi-  of  Aualoniy  and  Clinical  Sargerv,  nod  Aiisoci- 
ato  Profntsor  of  Orlliopiedio  .SurjiiTy  in  Iti-llt'vnu  Ho«i|>ilal  Mi-dioal  Col- 
li-ge  ;  Visiting  Smpcoii  to  IVIU'vih-  Iliu|iiial,  and  Con"a)iitig  Surgi'on  to 
th«  New  York  Lanatic  Aeylnra  and  the  0»t-l>our  DopfirtmcDt  nf  lIpMevue 
Hottpilal.  \cw  eiliiion,  rcTiiu^  and  entaijied.  With  ?03  Illiutrations. 
6vo,  fi^SO  jiitgfH.     Cl»tb,  ».0U;  sh<-i-|>,  $IS.O(>. 


'■  Tlio  •yolorr  ir1v*n  hjr  ibc  autlior.  If  tnjr 
■poloiO'  *•"  I"™!^!'  for  tlt^  ni'(*iiniii™  ■"•!■  so  ex- 

Eft  ofUi^we  wliiiTii  it  lim  W-ii  hu  |ilvuBuni  lo 
vtrurt  bi  oiwrativo  wimvi?  diiriiij:  ih*  [lut 
ftr  fUIK.  to  ntak«  a  book  liMcd  KnoDxIut  on 
tlw  fJtn  tie  liu  ■wplof M  In  ttacliinK  tlila  lub- 
fHl,  Wd  t»t«  Mnwnl  Uib  wark  with  ifTMil 
(■iNmra  Mill  pTMtt.  nnd  c«>  b«r  UMimonx  lu 
Uk  out  Kid  sltmlii-n  nhkh  thv  Milhor  liu 
iMiUtVtfU  to  ninku  lliu  book  B  boiwAi  to  hit  <:o- 
woriLM*  Ilk  tlia  uuiie  klJ.  I'hi-  eat*  w« 
BUWiCQU*  anil  ■I'llcxiculi-il.Bnd  llii<  tvit  i-ioai 
■ad  well  prinlial.  Thn  variuii*  oiirralivc  iiro- 
ecdim*  am  cloariy  niiJ  conoiwl;  diwriM, 
tml  i)io  r*'iillji  of  tbu  nrioiu  npnnttioD*  briull; 
■atol.      Ili>   rhiti'lar   on    tha   uuatuitait  of 

Kraljnn  nniinJ>i*iinitlii  i>f  ■en.-lBliiwntioa. 
I  work  >•  tnl\}  abrwc  of  In*  iiinat  n«mt 
■dnMTH  io  opvntin  lUfxitj,  nnd  «o  have 
niuoli  plMMnra  In  ncoinmcndinij  It  lo  oni 
naclom/'— UaniMta  I^mH. 


tiwBmut  t»  Ituttunuiw. 


it*      J' 

tllB       f 

to    / 
lUf  # 


"  Tho  author  t 
tliU  work  •eoiiii  I 
know  liow  Id 
hirimrpiit    tftKH 
uivf  tlw  (Iwlaol 
rurvtj     Ihc     ^ 
notvuarir    ■»  m- 
(juItb     ncal<li»hrd 

lacl».'  anil  tliiA  in  an  liopofttBt  point  in  a  book  of  thb  kind.  Tin  Ivn  'm 
mnal  tulli'  lUu'tnttd,  >n'I  hrinn  (lia  tiitjool  lo  •Jiiti'.  and  il  iclll  be  found 
tuwnil  in  the  ipliTfi!  to  s.ilch  it  Dolanji."— .l(v  f«nt  M-li^t  Timi*. 

"Tbi>  nork  of  ynthuor  Hn'ani.*hil«  it  de«»  not  [oMcnd  tabvariviJ  o 

tl>«  larsiT  wvirfc*  or  -ykUtn*  «r  *(irK«i7.  Ja  of  ila  kind  a  moal  cxcDllent  book. 

Thi-on«>  and  dmiliirit  iiipthndo'r  npcTaiinR  Bod  da  plKoela  tbavolumu.    Il 

I*  miliar  to  kDiwn  Iul'I-  nnd  atahliaoed  pracodurM  that  tlio  author  hu  rimitod 

hit  labor,  nnd  Ihc  Juilijnii'Dt  nbliA  be  ovliiixa  in  Mlivltnir  ftr>t»  lb«  variou* 

nivtiiiida  (if  OlicntiiitC  III  •iir^tal  OMC*  <»BrnpnilI;  of  a  innrt  nlublu  nalurv: 

indiNtl.  il  U  llii*  wlccting  from  ii'sni  iiropwcd 

jirivi'durB,  Kbicb  are  unull}  iii<.'t  «iUi  la  thi 

InriMF  luivical  vorka,  that  murh  nf  Uif  valu*  Ot 

I'n'lvcur   Ht^ant'a  hook  (Ippviidi,  and   to  lhi« 

n-ji'i't  'til.'  Ixxik  b*«(iiDti>  B  vify  kIiIc aid  to  (ha 

iiii'ilii^riciiKil  ■ur);i«ii.     Tbo  iHilw  of  Itic  nork 

iui-'Iuda  luoil   of  tha  (urgtlcal  d'—ttrn,  and  lbs 

opi;n.iivB  lUDthaiU  fcr  Uwtr  rolivror  mr»-     Th" 

opcnilioii*  [<M'uliaT  to  lb*  fanalv  mil.  and  llie  ■ui^ 

u<-t\  or  ibrr.x  aod  ar,  uo  Mot  «<w4dtf*d  in  Iht 

txink,  .  .  .  In  ««*MliidtiiK our  DDtlto  t>r  Cndbaaor 

Diyanl'*  book,  il  innaliH  far  nt  lo  (onuTBtulnls 

Llni  upna  tbo  luonwrfbl  ranill  of  km  labor.     Ho 

fan  nrilMii  ■  vpi;  atiir  .-.ni  ndlablc  (nnriial  irork. 

iin«  that  na.t  be  f«n>ul*ed  >«tli  by  (unROB  and 

tliiilent,  uid  ono  IbU  contaitia  all  the  more  impaitaul  Bdiauns  <a  aodna 

•uivv'y-     Th«  piiblUhcTi'  pan  of  tt*  vork  ha*  h«M  w*Il  don*.  Kid  tlw 

niiniDroiu  llliutntiona  odd  nupb  to  the  lalUB  Of  Ui*  vdIuiiMl'* — TiTtaniic 

"Th«  (iM'pr  "f  llic  abnte  work  iiicIuiIm  the  OHlhada  of  ( 
lelisf  or  cure  of  all  >ur):toBl  )B*aiu,  irith  Itio  cuopthn  of  I, 
Ibu  fimialu  lEi  nnd  thwo  of  thec^  and  oai'.    It  ta.  thcrtAm,! 
irruund  vuuM  liavo  lo  bo  anna  ovn  if  a  dMOipnon  af  all  i 
giton;  aad.  IndwJ.  l»dM«ffbe»lHlwBfa«ilto—(Wfiailfeir'i 


'ft  APPtsroif  A  eo.'s  aitrsTRATEo 


haiM  W0iil<l  tw  ■  Uborvmi  uul  luelm  Uik    Tim 

wkM  mk4i  pNMttiuM  ibai  •ipcrlanca  aad  Jndr- 
n«U  iMwanMnJ  ■*  tka  bc^  bdiI  it  if  hi  oaiE- 
In;  th«  wlKtiaiM  Umi  Ui*  auUiar  to*  thciwa  ku 
•biHljr  (o  irrila  •  itood  bvik.  Not  ooly  h**c 
tboM  b«ca  Aon  nntMikllt'  ao«aI  dbniuilaitiBK 
powra  Id  tbe  ebiNos  oT  Hiia^uit  tbc  Taitaaa 
iDathiiU,  but  1^  fit**  »r  Iliv  utk^  an  Ui- 
t—luilwgl;  in*«i  «lMa  diffnlii^  Irom  tfas  fco* 
tnilf  K«^«*d  «fiiiiia«;  to  tbat  «c  ban  •oo*- 
tblv  Mat*  Umb  >  aaafUMkn  «f  proTloiwlf  ■!•- 
mhISn  tar^tai  aptnaiaa.  .  .  .  Aji  wrJJiilxl 
TBvla>  of  (b«  abor*  (rork,  wbito  dawnibia,  ia  not 
tflnwatih  rnxK  Uia  lioiitad  afwe  at  onr  onmnanil. 
BvwcTer,  m:  am  aHunt  our  rcaden  that,  atler  a 
(■nrtul  iwdiaf  of  rrotaMr  Brraaa'a  book,  w*  md 
umbHdlatinirlf  noomownd  H  Hir  tArotmatioD,  i»- 


Tbr  (CBcnl  praccltiopw  wbo  ML-matiwallr 
DtOa   BODMy,  nnidilari*  Un  ■tl**!lM   Id    _ 
onmtn  «r  MwlTtorm'  wfll  bid  Uiia  ba>k  ia>ila-- 
obh,  Uir  he  <mi  lani  In  a  tfauia  td  Uiv  vcr;  pl«d 
b*  WMM,  and  llftd  than  »  inttlfiftwt  diMt^iiBR 
afbiMnioraU|«r(r*tMa,  and  •lcai*li«."~Jiarr. 

"Tbe  Tariow  ofcmdn  ptowJiuw  an  dMrif 
and  vnuiatij  dMoribad.  aad  the  fanlt*  «t  lb* 
rattaat  opsntioM  briidj'  aUUtd.  .  .  .  TIm  iraek 
I*  Mir  abnMI  of  Om  tDOK  i*n«i  adinMB 
in  (^anb**  mnfn,  and  wa  t«n  macfc  nl^Mn 
ia  wecifdl^t  It  to  vb-  nadeca,"— OmM 
£«aar. 


"...  la  (MidudlD^  ogr  ootloe  nf  Pigfat 
Btraai'a  book,  k  noiiibw  fcr  ih  lo  omcninltM 

pvrtaM  aaTMNffi*  of  i^ovan  aitfjiuY.     Tba  i 
"Tbcboofcboiwwbkfewcfol*un<tilliwoin-    liahenT  pan  of  tk«  >otfc  baa  btaa  «<ll  doat, 
nwnilitoiK.  .  .  .  We woablwT that Uib book 'loal    (be  iMaiHinHia  Uhumdoaa  add  muoh  tu  tbe* 
•  lODf-fdl  want,'  >r  mi)  dand  lu  on  ibe  phiBM.    «f  Uie  rtH\iaia."~'7%nafnUe  OatttU. 


BT7CK.  Contributions  to  Beparative  Surgery,  abowiiig  it^  A)>p1i<-a 
tiou  Ui  till'  Truitiiii'Dt  of  l>efor)inties,  prudut't-il  \ty  Dcatnictivfl  Uieeosf 
or  Injary ;  CoDfi^iul  Defects  from  Ajtmi  or  Exccm  of  DeTulopment ; 
and  Cicatricial  Contnctioos  followiog  BuniH.  Illutitrstcil  by  Thirty  Cuei 
and  fine  Eojcraviii^  By  Ovboon  Buck,  M.  D.  tiro.  237 
Clotb,  93.00. 

Spmtu^i  otr  IiuaRatnatM. 


1 


"Then  U  no  (laponowDt  nf  eunMr  where  the  inwniiitY  and  akHI  of  thn  amiiMO  an  i ^ 

toted  than  whan  nqnlrad  to  njiair  ilio  danuu*  ■UKUdned  oy  Uto  l»ia  of  pan*,  or  ta  mnoTc  the  dUf- 
nrtineint  pivduoed  or  dedniHlT*  diarww  or  violeooa,  ot  to  remnlv  tin  dcfiuBllh*  oT  MOjianllrf  md- 
fcrtnatioii.  The  rcauia  abtained  in  auob  cb*m  witliin  the  1a*t  luir-cviitur)  ai*  aiooat  the  «nrt  wl»- 
AM017 Mtilevniiait* of  modem  uniitaj.  The  \*na  'Bepanlire  '^nrtiixj'  dioam  aa  the  liUe  «f  thi* 
Tolumo,  tboutfh  It  may,  In  a  oompreitiotiRl're  leiiec.  be  afifdied  to  ihe  tnatioeat  of  a  cmc  varlcl}  ol 
loikeu  10  wbicJ)  tbe  wdr  U  IUI1)*.  U,  bonwr,  ratriciod  la  thlie  work  cxcloeirel;  to  kIim  ha>  Wlra 
under  the  author**  nun  liieemtinn,  aad  luii  tmen  lut^oetHl  to  tlieMatof  axporieticola  hlioan  iinMiac, 
It  larielir  einbnm  the  tn-atnKnt  of  lennn*  of  ili«  liw«,  1  niflait  in  vhieh  pbatk  uu^n-  tudt  ii*  moil 
fPMUcnt  iind  linpirtunt  ippDeatioD*.  AnofiierandaoleaiimpoitMilotaucf  lnri'«a«1]l  ababclbintd 
to  fun  ownpinl  a  luivo  dare  of  the  aathor**  Muatlop,  Tit.,  deetrid^  matiaetia**  bll»*inc  bdn*. 
While  IbMe  nann>  havna  very  iitrenit  elaini  npon  our  mnnnlMtRllun,  end  ilMiild  MioiBJite  m,aBed(- 
Moiu.  to  the  craaleat  tShtta  ha  Uu4r  reEef,  th*r  heve  tno  often  is  thu  pa*i  been  dbailaead  m  bofalwilr 
uionnble.  The  aedethobii?  iwuit*  obtained  la  tbe  nae*  reponod  ia  thi>  voluwe  will  tmoMn^ 
euMeoni.  We  tnul,  M  retort  with  cnoter  hopvAilnoH  hi  the  ftrtor*  to  opmntlie  intprtV'reo™.  Ae 
of  dndHptinn  arid  <^!niraMi>  nf  'laldnml  have  boco  alsted  *I  In  the  (bOoalng  pBj» :  aiirl  If.  la  lil*  i . 
deavnr  t<^  atiitn  thit  important  pml.  Iha  nulbnr  ha*  incnrred  tbe  repraaeh  or  toiiuutosM,  Uie  dilBouli 
of  the  task  WllBl  be  hie  apolo^."— JMrM/rVM  l^aa. 


OATALOGVS  OF  MEMCAL   WORKS. 


BURT.    Exploration  of  the  Ohest  in  Health  and  Disease.    By  i 

•Stki'iikn  Smith  BrRT,  51.  U.,  Proff.tior  uf  Clin'icitl  Mifiininv  ami  Pliynical 
DiagnoMM  in  tlio  New  York  Pusi-Gradgslc  Mnliciil  Schuol  iind  llospiliil ; 
I*hysiciim   to   tho  Out-T>iii>r   r>rpunin<>nt   (nisvaan  of    the    Heart  and , 
Lungs),  Bi'lloviio  Hospital.     Hto,  310  pages.    With  llluKlratioDs.     Cloth,  | 
«1.&0. 


•ien*  and   Ihoit  mndo  of  JortlnpiuvtiC. 
iitill«Hl  hi>  ()ii>-u  Qipvrloiico,  a>  veil 


*-TI>l<  himd.v  little  IkmIi  hm  latelv  bun  rc- 
o*ivi4il  l>y  uft»  ui4  yiD  mri  froixiuuunJ  lu  luuiy 
Tirtupi  und  it*  uwruinn*  la  pliyUivi*  01)4  *lu- 
deobt.  It  bwell  illuittautl.  villi  Uricv,  diNirtvjv. 
■Oil  hanUMme  cloth  hlfiilliiu.  Tlic  aullior'n  oSjcoc 
fa  MnuK'unilliiK  tliii  fork  i>  <<i  iiiJ  ilir  i>[ii<Jvdi  hi 
hb  (4F>n^  t"  Inm  Uid  liiiniAuaiiiM  of  |>liyia)cal 
of  JorflnpiutftiC.  H«  ha- 
tho  romm^ 
Mock  of  miiUiul  luchlntr,  to  cmtful  lo  ollicrn  Uic 
knuwlHlirii  ft  Uiii  nilatlra  pixilion  oftliii  vliojni  tii 
tha  (nrirU*.  uiil  the  ciFirinwl  "i^ii  Uuit  <au  bi>  <!«- 
T«li^i«dintlienonnalolii>ii;  r>r  uponsoehabim- 
lUilaii  rvia  tlio  taly  irui'  huAt  for  a  mmot  nndtr* 
•tandltixof  (Iw  ehiuijM*  muMd  by  illMa**." —  nnw 
0>*riir-Sit«t\ta/  MtJieifi4. 

"Thla  n  •  mnalL  hut  cieodltiglj  mmprvlion- 
(lv«  book  oD  BiiTCulMClan  nod  pemuitim,  nnJ  ii 
ovlibntly  writtco  bj  ana  who  lun  ukan  rroiiucm 
iiuinwtioiiiin  tlipxiitjmt.  .  .  .  After  oaoh  diHUm 
■  •QiDmarir  «(  the  principal  (igD«  ud  •jnipt'lma  it 
gim,  Tbo  biwlc  h  wolf  prioMd,  vich  •  *ufB«iapt 
Dumbor  of  cms  and  diupania  lo  inakc  tl  of  upniUil 
Talaa  lo  atodanla." — iMrftand  Midieal  JuaruaL 

**.  ,  .  Wliil*  Uii<  biiak  wu  writlon  wllh  (wr- 
Hoular  refetuDM  lo  tlie  niwl*  or  tho  ttiident,  wu 
an  MN  tbo  praetiiloDar  will  And  It  Imincuwly 


uwful  fnt  hi*  niiivU  iiv  wull.  Llli»  all  or  theli 
tHX)k». Uii'  iiorlt "f  tliv  iiublUliuntinnlKH  its  iiioditl 
or  pn'flluiim," — iViirtfcW. 

''  Tbo  ^ni  nt  tliii  work  la.  v  docritiml  by  tbn 
author,  m  truphAtlfd  thv  ituffe^rloUA'  of  kririvluit 
tho  phyalbtoflca!  nuii'iiuy  of  llis  Uivrt  tilid  luliirs 
tbu  nilBlivD  |»(j|i>in  <•(  tlir  Ti-<i<prii  to  thr  (wriFlc*, 
and  tha  phydod  vlini*  that  uiii  he  •tetvl'ipml  in  tho 
Donnal  cheat.  b>  Uinu  (U^h  u  fnundatlun  nata  lUa 
only  true  baMi  lor  s  rorrcol  uiid(T»Uiii]ln|[  of  the 
cliuutta  tnuaed  h\  >liiuiuw.  Thu  ■lUncullv  tniviun- 
[cmTiii  pnxlucitiii ■  L-<>«t  tiivlv^k  {••>  •tudtnta 
haa  boon  ably  i»inn->UDIcd  in  thin  inrtuii^t].  Di. 
Butt'f  IntlDuW  knowlcdjo  of  hia  iu1t|t>.'t.  uiilUcil 
tumi  hU  own  pcrtcitul  *iptt{cliM  and  tcnohiiiif,  ' 
ronilnn  lbi>a  work  kt  Mic«  KiDDd  and  prButi^aU," — 
U*Ji^l  BrUf. 

"Dr.  Bun  hnanottKcmptodtoonlBbltihiiatbo- 

Kioiiiuulo  nr  dledoctlia  Ap»  at  dlxaap,  ibtiiklBK 
at  prrt'lnon  u  mopt  Miroly  Ut^iwil  by  treutiiitf 
Biuli  auni  a«  eubordliiita  to  tb*  vojiaiu  oMnblna- 
tJona  or  ugna  vhidi  ara  fomid  in  the  dlffprvnc 
UalodlM.  .  .  .  The  work  la  a  caovetiknt  oonipUa- 
tlou  of  koa«liHl|«  contained  tu  vsrtow  luxt-RKik* 
on  thi*  aubjvM,  willi  Iha  mult  of  cite  autlinr'n 

Snonal    MpcnMca    intersjienifd."— 4il.    LeHii 


CAUPBELL.  The  Language  of  Medicine.  A  Alaimnl  giritig 
Origin,  KtrmoloKy,  Prominciution,  ati'l  Mi-jtiiing  of  the  Tcchnit^al  Torms 
found  in  Medical  Literature.  By  V.  K.  Cajii-bkli.,  A.M.,  M.  D.,  I*ro- 
fesAor  of  Materia  Medica  and  Therapeutics,  Medical  I>epartinent  of 
NiBjiifara  Uoivoraity.     8vo,  32r>  pages.     Cloth,  ta.OO. 

"  A  innit  talualdu  tiu»k.  and  nn  lin*  viMinlihi 
iJiin  rhanolns-  Dpun  >tiiii}-lii|f  lh~K  pa^i'n.  wo 
btuiii  to  ban  an  id«  oi  ttio  mauiur  in  vlucb  tbo 
aaiDc*  of  our  vatloui  dlKonea  oiiglaiud.  .  .  . 
tTiflliiili  10  aay  that  we  havolitnaimoalleiitiaxt- 
book  and  hkloiv  eninbiiioJ,  a  work  vhioti  will  Iw 
•[.jinivUlad  by  both  old  and  yaaog.  .  .  ."—JUJi- 


tliofl 


''.  .  ,  Certainly  *ueh  a  book  it  ndly  nndod 
wlitui  w«  r*fl*ct  upon  lh«  wholasalo  n^pronunali)- 
tiai.  not  only  br  mtdial  itudenla,  but  by  old  pmo- 
DHaniTia  of  mnlMnc.  To  iho  mtillcal  tMolisr,  *tu- 
dont,  and  |iract>tlonor,  t'anipbvtri  '  Laajfiuin  of 
Mediclnit'  La  lndi»|«n«»bl»-"— ftiirfw, 

"  Thi»  I"  not  only  ■  rtn  inlcrpttini-  but  n  riry 
boelnictWo  l>ook.  and  rullltfitlic  oliJiKt  liitoDd«l  Iit 
Uia  antbnr.  to  *  prnvldo  the  incdloil  •taJenl  with  a 
aullabla  ukibiii  of  ociialriii'f  tlm  toabnlary  of  liia 
■dtDe*.'  L)ka  Shakat|H'Bii'.  tliv  jrtMl  nugoiltv  of 
taadtoil  Uudanta  haio  but  'HaaU  Latin  and  t»4 
Gitck.'  It  b  not  DiveaiaiT  fcr  u>  to  ai*«  a  i^nop- 
ri*  of  (he  work,  nnr  t>i  daeli  at  leuttb  upon  any 
paitleular  pin.  We  can  only  advfae  our  rtadcru 
10  procuto  thv  book  and  T«ail  it  with  nrr.  Wo 
•>nccf«ly  b«l<vTc  il  will  Iv  naefiit  to  old  and  vounn, 
and  copeMally  to  mcdiool  itaduiU." — (MimtAiu 


••  Wo  wultuitu*  wllii  much  irntiHnilinu  a  lolatna 
whicli  Tomis  Rtuli  plUMiJl  riMdlne  for  ihv  phy4- 
fian  who  may  dealro  lo  know  oamothiiut  ot  the 
gnuumar  end  oithomaphv  of  the  nwdkal  pottlou 
[if  the  KnfflUb  lanituo)!*.  If  wr  niay  ao  larm  U.  It 
la  a  aon  oT  icuiilv  or  inlrwJnction  to  tli«  dictioiuinr, 
■howiiu  Itim  wby  Ihr  worda  ciUt,  or  ralbfr  Ilia 
IbuiidBUon  of  tb«lr  txiat«Dc<i,  The  men  prodi* 
Itonur  wilt  not  Bod  tn  auuh  obaptfri  a>  the  uriflo 
of  Wonif.  Tho  Ulv  and  Uoaih  of  Wordt.  Nomai^ 
oloturo.  vtr.. anything avaiUbl*  (hr  hliu  In  iJiunan 
caao  c4  icuOia  ibrer  or  diphtluria  he  may  b<>  ciolleil 
upon  to  attecid.  but  Dr.  Campbell  hai  given  murli 
fnud  Ibr  rcBiMtlan  ts  Ilio  nanitwl,  tboughtntl  ainduat 
of  III*  pnii«»Son."— CW^  a>ul  tlinital  Hteard. 

"Tiili  1*  a  book  that  mfrybody  will  lik^ 
TWro  ar*  too  fbw  ot  tlilt  kind  wrlttan-  Wr  think 
111*  jiut  theaortof  work  to  lir  put  into  tbo  hand* 
of  ■  youth  prcvlou*  to  Ida  onor  Into  a  medical 
a«hool.  Tho  KuitiMw  era  oxccllvnt,  and  ito  of 
mom  eir  then  (bo  ordinaiy  Latin  aiorciMa  nfuollr 
ipyea  at  Mhool,  fbr  ihoy  bor  dirxlly  on  nxim 
worii,  Theie  la  too  little  pitpartiorj  work  a( 
(ohoola  for  ihoao  wbo  ara  imeiidod  (or  a  apti^ 
jirorculon.  Wo  racommoiid  it  lo  pruiltloiMni, 
O'lMwiallt  thoaooneiwed  in  IJtnan  wnrit,  ii*a||aad 
book."— /iMMtf  JfnMMl  a-U  Shnfaal  JvwMlitti 
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A  APPLETON  A    CO.^S  ILLVSTRATBD 


OABPBNTEB.     Principlee  of  Xental  PhyBlolt^y.  with  ihr-W 
|ili  rati  ODD  I')  titer  Traiiiini;  ami  Discipline  uf  thv  3lin'l  aiirl  llu-  Study  of  tb 
Murl>i<)  Con<lilioii«.      Ity  WtLi.iAU  B.  Cari-kxtkii,  M.  D.,  1.I«  I>.,  ^% 
tmr  of  the  fnivcreity  of  Ix>n(]on,  etc.     8vo,  7S7  paf^ee.     Clotti,  »:).0«, 

"AionnK  Hie  DiimL-rniu  tsil&Eiit  )rrit««  thbi    pbyikiluelail  rvftnnk  to  tlii'  oqiIwiiUI'^d  of 
ttninuj  hv  ginnltiocil,  aona  uv  niorv  itovrrlncof     ntutiul  r«lRli«i»  l4  tbr  nilul  (M  b>4;  thau  ll( 
pnuM  Ibt  ha«iii|{  utumpud  to  acply  l^r  muttn  of     CarpcpteT."— 7h  ZnuMf. 


CABTER.    Elements  of  Practical  Uedicine.    B>-  Alfred  R  Cjut- 

TB8,  M.  D.,  Mi-mltiT  of  the  K")  al  CoUi-gc  of  Plij-xiciaii*,  Lonilun  ;  Iliy 

sidan  tu  tin-  Qui-i;ii*k  Itusiiiial,  llirmiiighiim.  vtc.     lltin]  vdition,  rt-vi 

iind  cnlnr^-i).     l£mn,  427  piigCH.     C1o4h,  ftt.OO. 

"  Alitiwutlt  Ihi*  worii  dom  lint  f^t^  to  bt  ■    !■««•  aro  onnrinl  wiik  Uio  diacMcs  of  ihc 
oompleM  cmilH-  on  the  |aMii«  nf  ranlicioi.  It  !■ 
uio  nill  Id  bu  eulluii  n  niiuptnil :  U  l>  nihcr  on  in- 


tToductlaa  to  lliv  more  vtiinu'llvu  >tii>lj'  siuUnlled 
hi  Ihu  iBIvur  liat*f«mkii.  An  Wen  "f  ifir  'Ininw  to 
wtiicb  ooudi'iiHiiioD  bM  Iwpu  nrriiK)  in  il  nn  ta 
mthotttl  fmn  tho  Mctomiint  thnt  but  C«ciilf-oiw 


WW 

torjtmiMn. 

the  phfdcttl  tl^iu  an  (tieu  ■oawirhM  (no 


rUw  nailor  Ksta  the  lotpRwbj 


niy. 

fviwid^j 


1y,  It  W  to  bo  Mill  that,  \iy  naj  nf  nMiiHlt-Mllon, 
tint  (■Jflnvlotiiitol'icy  in  cmml  u  ouundviul  'Ub 
•iltainbleMnpieuI^  hiiI  good  judgnuait."— Jt<v 


CASTRO.    Elements  of  Therftpeutlcs  and  Practice  according  to 

the  Dosimetric  System.     By  l>r.  D'Ouvhika  CA»Tita     8vo, 

pages.     Ciotli,  84.1KI. 

"  Tbi»  tniii»latli>ii "  (of  Dr  Vattro't  onrk  > "  hi*  tan  miidi]  for  Mvcrk]  lif  omd  of  N*w  Yo»k  tal 
llotuii,  wbo,  hifrlDir  ilerlroil  eruU  benefit  tluunootvoi  tiraa  tlm  ilnll/  aao  nf  tk'  nUul'iidt  w  tVOCB- 
in(4iil«l  by  Dr.  Buiv^twiv,  art  doiniu*  "f  briiiulnit  (hi*  ulmlnbis  book  to  tlw  knotrlMlite  W  lb« 
l-liy-ii-iniu  of  t)K  UniliKl  SiatM."— />vnt  lY^on  U>  tkt  Amtrimit  BtMatt. 
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CHAUVSAU.      The    Comparatire   Anatomy   of  Domestical 

Animals.     By  A.  Chauvkau,  ['rofessot  at  the  Lyonn  Veteriiiur y  Schi 
Second  edition,  revised  and  entargeil,  with  the  oo- opt- rat  ion  of  S.  Arluin, 
lat«  Principal  of  AnAtotny  at  the  Lyons  Veicrinary  School ;   Profcwor 
the  Toulouitc  V«tcriiinry  School.     I'raiitilated  uod  edited  by  Ocorgc  l''\em 
ing,  F.  R,  <i.  a.,  SI.  A.  I.,  Vetcriiinry  Siirgi-m,  Royal  KngiiiM-nt.     8vo,  1*57 
paift-s.     With  ^no  IllustrAtJonH.     Cloth,  «».(»). 
Bruama  or  liLUHtmineii. 


■■T*klint  St  iilii..Tll«T,  thw  iKiok  ion  veiy  ml- 
come  siltlitinu  to  EiuilUh  lltornlurT,  and  ijnatcndit 
(■duo  to  Mr,  FIcMiiiiit  for  ibi-rswIlincoottlM  trail* 
iMlun,  &nil  ihe  uwiw  luIclitioQiil  noto  lie  hw  ap- 
ftaAvA  to  (.^linuVOBB'a  troktlH.*'— ZoaM  (ZeAJoa). 

"Tbe  (Uacription*  of  di*  Mxl  nm  itIuBinicd 


auil  iini'tHl  by  ipi  lev  thtn  400  cmltnni  ite 

oat>.    In  aoork  nlikb  rinii  1 1    ■'i  ia-i  a  { 

of  anotrimloal  daull  asd  ik-  'it  tilt! 

to  ivlvrt  inv  DiiQ  |»rtioti  I'  iit  «wr  i 

■niiiiaUnii  of  il  onabUa  a>  l  :;- .     .'.  blffh  I 
rif  ila  Hvnsnl  cxwIIfdocl  .  .  .'' — Jlidittt  Tlab* 

owl  tilU>t/<  <£<H«/Mt). 


CATAIOOVE  OF  MEDICAL  WO/tES. 
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COMBE.  The  Mans^^ement  of  Infanay,  Pfajratologinl  umI  Moral. 
Inti:ii<l«<l  rlii)?lly  for  t)iv  L'mt  of  Parenln.  lly  ^VyORKW  CoMBR,  U.  I). 
Uovise'l  and  edited  by  Sir  Jnnii>ii  Clark,  K.C.  B..  M.  D..  F.  R.S.,  Phy- 
Bician-in-ordiDary  to  tlie  (Jiiccn.  Fint  Amoncnn  from  thv  tuntli  London 
eiUliou.     l2mo,  &(f'2  pagvn,    C'lotli,  tl.SU. 

**  Tim  sBMllMit  Uulc  book  ihaold  b»  ia  tbc  huid  of  «in>r7  mndiar  of  ■  bal!;.''— TV  Z«i<irf. 

CORFIELD.     Health.     By  W.  H.  Omhvikij),  ProfvMor  of  Hygiene  hiiiI 

Public  lltntJiti  nt  Univonity  Colk'gc.  Lundon.    ISmo.    Cloth,  (l.SS. 

■•F«w  pcmon*  we  bctwr  quiillBud  than   Dr.     plnilon,  iiiitriil<>n,  llin  llvtr,  an.!  tho  MOTMnry 

hMllh,  uwl  It  i*  not  ■  iimtliii'  tar  >ur|>H>4,  Uivn^  the  IimUIi  vt  Uia  uiittvuluol,  au,  (<ui<  nntl  diiuki, 

Titrv,  Ihot  ho  huoivi-u  ui  ii  •oIudiv  niunrltiiblc  for  ilriukirui-'iteT.  elimato.  hotuauii]  towna,  hmH- 

tiecuncy  Mid  intMMi.    L'uniaii'iiciiig  witli  gunmU  not.  Md  c«ainuiilMtilo  iBfci."  -~miadtlpUa 

BiiHlomjr,  (li«  bolica  and  fnUHlo*  uv  ntvoo  MKn-  iMs. 
Um :  ooU,  iba  dmilallou  cf  ibo  bicioil,  tli«a  ri»- 


CORKINQ.  A  Treatifie  on  Brain  Exhatistion,  with  some  Preliminary 
Cuniti derations  on  Ceri'bral  DyiinmifH.  By  J.  I.konari)  C*ih>i'im'.,  M.  D., 
Cormcrty  Kcstdeut  A^.-itt.anl  Iliyaician  to  tlu-  ilndtnn  Rivt*r  Sinio  lloMpitsI 
for  the  IiiHane  ;  MvmbiT  of  ibv  Mcdif»l  SociHy  of  ihv  County  of  New 
York,  of  tho  Piiysician*'  Muttud  Aid  AMocinlion,  of  tli«  New  York  Ni'U- 
rwlojiii'al  !*->oicty.  of  tliu  Xi-w  York  Mudico-I.c^r^I  Society,  of  llie  Society 
of  Medical  J iiri« prudence  ;  Pliy»icinn  to  the  New  York  Neurolo^oal  In- 
firmary, etc, ;  Member  of  the  New  York  Academy  of  ftledioioc.  Crown 
6to.     Cloth,  «3.00. 

**  Dr.  Cominir'i'  i"«t  Unit  lolunio  tin*  tlir  luvrlt 
of  tMlOf  Irl^bly  ■UKtpott'ivc,  niid,  tiv~ldM.it  bbrClvr 
ulipiioT  In  papular  nmliiur  tluui  lai}  otticr  pfufs- 
nloDil  vork  on  the  •uhloi'l  l''>l  "'  know  of."— /to- 
(^  M*li<»l  and  Suiyiemt  JowmaL 


"Tbla  ii  A  Mpiul  IHil*  o'OTk  oD  tbo  mtgMl 
upon  vhivli  It  tmUa,  and  Hie  knUior  hM  prauinWd, 
mm  m  laal  •  xAontlllc  Mud.poial  w  potribl*,  ■ 
■RMP  of  ufmpifUMi  tb*  ImporlMie*  or  wbicli  i* 
MB3«iiIl7iirMBnL  To  fltllr  oomprebond  tho  idru 
•■  pfoKMBd  \>J  tke  author,  tho  wkotr  l>oak  ahould 
b*  nw\ :  and,  a*  il  Ooarirt*  of  «nlj  IM  paova,  Iha 
Mak  voi^il  not  ba  a  tavcm  or  ledloui  ono,  aod  tli« 
UbnulknOTknovlodjnobuitiiodxmld  be  touch 
nma  llna  aqolriilvni  fci  tho  tin*  •neat  md  nwt  of 
book  LMlwlod.  UtBiarf  men  nml  wmen  would 
do  null  lo  prooun  It."—  Ti*r.ipmtit  l/astU*. 

"Tbiabook  twknmtaBtbwiithat  b  more  and 
more  donuodod  I7  the  oultund  iMaDlysiK*  of 
lb*  pTtisd  la  mV,A  wc  liv*.  Dr.  CWnftw  mar 
ho  rankod  irlth  lURimoiid,  Btntd.  Miletioll.  and 
CcMliMi.  of  thn  oiinlrr.  nud  wIlJi  Wlailow  An- 
■lie.  Tbnnipaiw,  and  inni*  rraeM  Duihom  ot  Ureal 
Bricain,  In  dlwuMlni;  tke  prohkMna  i>f  BMiual  lUk 
lurlaniv, 111  ■■nylaChal  nuKwhootonty  prnStaMa 
bill  iillrii>'tti>  mdiiiurrir  IIik  >tu<hnlor|>>;ch«1«o', 
Thi'  Kiilli"!  tiu  dU-idvI  lli«  iTiirk  Ibt.k  ulinrl  clinp- 
lon,  uDdor  goDonil  bodiiun.  wlittfli  an  Bualo 
wbdividad  Into  toidw,  ibal  an  paracnpbgil  In  a 
«o»naa  and  ddinilo  Ibrm,  «hlclj  at  nnr<  "trikea  t)te 
oaralUrmttraaeharaMeriMi''  .        -1  |).m  la 

Mtw.  MBriM,  M>1  nadil.T  ti  MiiTo 

M»  lir«M;.«h^  nf  tbaar  plth^  .  >-i  :-  .  '  >At[i  iiu 
•ndaal  or  maiital  Jboawa  go*  tul  1^  n«l  witbout 
tom"— .iiMFMiu  /VokCiviaaJ  JmtruaL 


"...  Ill  thtowoTkod  the  exhau>lion  of  tbu 
tmiD  tho  auUior  pnaooli,  in  a  Tti;^  rlnr  aed  \vr- 
uUloiait  tirra,  tbe  Tarion*  eaoMa  and  *;iDii(onu  o( 
1)10  coinfilalnl,  and  point*  out  Ihu  prlnclr>ica  ulod 
whk'h  il*  (mtiumt  utioulil  bo  |iii'»ii>t.  .  .  The 
RUlgnn  iif  Oit  book  la  Indeed  •crlhy  of  canAil 
ton-iilmli'in,  and  1(  b  piteanl«d  bf  UM  Milboi  to 
■uoh  a  iiluuaat  aad  aUnctlfo  lAjit  lka(  tb*  reader 
ulll  Hiiil  hiiiiKiilr  eoleruitiwl  ai  well  aa  Inuraelad." 
MtJi*al  titn>rJ. 

".  .  .  The  (tudr  of  kIhI  1*  niy  tii-comina  a 
moil  lDtciT«dnf>  nil^tct  lollirueiiL'nl  prartltloiuir, 
■•  wull  a>  to  ibe  ikw<iI<>^i.  iIl:  InulK'oiUBl 
■ilMeiwa.  lia*  onMod  •  dfoiaii.l  lui  i»>rk*  of  the 
kind  Ixttirt  oe,  and  that  l>t.  I'liRiinL-'t  infiii'-it 
•111  meet  villi  tbe  iceeiilii-ii  tlial  Ub  nirritr  do- 
aeirra,  wb  haia  b-A  a  doubt."— JIW  MVout  J/mU 
m/  aaJ  Sviyintt  Avrimt. 

"...  Thn  quand V  of  advloa  b  abandbnt.  aDi! 
•rerjr  aacaius  tfnpW  ta  InatnutiM.  A  MndMit 
liaviiie  the  Intnitlan  to  bcoonio  a  frnMhiomr  will 
Hnd  a  ricti  tioro  ol'  inaierlal.  imd  Ikr  (rvncnl 
rnidur  aili  diKovoi  moeli  Id  Inl^-ivat  liloi,  arak  In- 
diidlns  eeltalri  pwaatfiw  (onraminK  eduoatlon.*' — 
t^ilaStfyUi  AoijMjf  JhUMIt. 

"Dr.  03«nlw  baa  iilieii  to  the  nubile  and  to 
tliD  modioli  pwakwJon  a  «nrfc  whioli  tnpona  toy 
enifitaMr  Uw  raaillW  of  ■  enuwwhai  oxtomM 
atiidjelhirmtim:*."—thiriilmf£t»'i*fUtrM. 

"...  In  MMic  iwpridl*  llr.  romlaf**  tnok  I* 
mtlrulj  iirtifinal;  I*  othna  il  I*  a  vlcor  arranio- 
muDi  and  iwn'leniwlloii  tf  aM*  pnviamtif  koovb. 
t(  dudniilj  ••iplitB  t  vaoi  boomo  U  H  t]io  tn4 
lynk  on  ibe  Milijoet  adaptod  l»  papukr  nadlatr 


/).  APPLETOX  4  CO'H  JI.LTJStTIiATKD 


OOBNINQ.   Local  AmratheaU  in  Oeueral  Medicine  and  Sorget 

Ik-iiifC  tli«  E'raoiU-al  A|i|)li<.-atiuii  of  thi-  Aiithur'»  Recvnt  Diwoveries 
Ixicoil  Annwlbcsia.  By  .1.  LKo[(*iin  Coknimj,  M.  !>.,  nuilior  of  "  BraiB 
Exlwiwiion,"  "GiirotW  CompnasioD."  "IJrain  Riwt,"  t-tc. ;  Fellow  of  lUf 
Kew  York  Aciidoiny  of  Medicine,  Mpnibpr  of  tJie  Slmlioul  Society  of  llic 
County  of  Now  York,  of  ibe  New  York  Neiiroli>jiipiil  Society,  etc.  Snu 
Bvii,  irt:)  yA^v*.    Witb  H  llhistrationi.     Clutti,  %\.iS>. 

ua,  with  Utdo  MclcM  DMlifiiH.    Tbi  niiUiOT  i 

Zaun*. 


"Th«  "orti  liwt  in  It  miiph  thai  1.  ii.»tnj.-isvc 
Biul  MtrwilvF,  KUd  In  i|ui[g  kn  uililllimi  tu  a  ll«lil  <•■' 
flWiMOM  Bblcli  OUT  Ih>  caualdiircil  novd.  ,  .  ,"— 

"  Thr  l">pk  ihniiy  fin"!  it*  way  »p»r7  whore  on  in 
muhu.  nad  nil!  be  ntlMriKil  br  ■  hmt  Of  ilili'TMIvl 
naugri."— J/«f(<W  tVi^if  ITiHtwii  .\«w  liml. 

"TblN  (■>  ta]u«bli;littl««orlf  onmokina.  etr- 
InjtthB  auiliDf'*  aolliodaf  Inowiniiiind  nroliHw 
iiijC  UiP  cOMlOD  MMtUinni. .  .  .  Sonic  vorj'  formida- 
ble (qicmionii,  avon  unpiiUtioa  ol'  t1i«  (niaili,  bavp 
lam  perlbrniDd  b;  tbi*  iiipthad  uicl  t<illi  bui  r»ry 
URlapnln.  It  U  BTaliublr  contribution  to  *urgli£l 
pnecfi*."— /»iirii  MtJital  UmIUj. 

-  TliD  boolt  mcriii  canitil  wmidefalioti,  ■■  being 
Ml  Inlomliiiii  and  practice  orticlnal  aaairlbuliuii  ii> 

"Tbo  work  iaworthy  th«nlnful>tui1f  of  «V0T7 
pnu^itnl  narHnoo  ind  phjaidjui.    It  U  clBorly  wrii- 


erina  UiU  cd<s1ou  uii»t)iwb  mtiy  b«  almert 
iilltiiy  ]irqloti{{«l  by  ohofliiiiii  lt»  dftillalbm 
part  uucatbotmd  by  nii^o-  ff  an  RtnruKb^* 
oga,  anil  wt^  anodB-mtu;  fuH  dtuil>  oliouM  hrJ 
ta  liiD  AppMow  fer  t)il>  Di-ui  Utile  vurk."—Sw 
mt  dtf  MMeal  tiuUt. 

"  It  ir  or  liitcmt  to  cof  ilic  •utlioi'*  KMenMnl 
thai  tlif  'diacovpr;  in  iiutvlinii  va»  in  do  nKpRt 
thcnaaltof  •cluniK.  l>ut  Ku,oa  tltp  coalr*i7,  tlw 
tHrecIoutaTowthofadialnof  dcdBcttTcroMMily' 
Tho  tcDUOTliinM  nf  Ihl*  Jbeovory  uonla  no  tadtilac 
OD :  Mid  no  *<iniaon  ma  afCird  to  b«  ia  i^wmiwa 
or  it*  dvUili,  or  cui  Ihtt  to  bo  (dafiUSaUf  tli* 
liAtr  tat  the  pi^Mnaiaii  of  the  pnaMit  woA."— _ 
Am  SpflamJ  Ja^mJ  OwrfM. 


DAVIS.    Conservative  Surgery,  as  oxliiblu-d  in  rcmitlying  w>iu« 
Mecbaiiical  Causea  that  o|icrule  injuriously  botb  in  Hcaltb  and  Di 
Wiih  lllii!itnition«.     By  Hexry  O.  IIavI)^  M.  D.,  Member  of  tho  Anitri' 
Medical  AMNociittion,  ulc.     ^vo,  315  ]i»gc«.     Cloth,  (n.oa 


Tho  iiitbor  hut  rnjofod  run  fiuiilitiM  fir  the  Muilv  an>]   trcntincnt  or  cciuln  rlnirm  of  dia 
nnii  thi  nconli  Iwro  pn-acnud  [u  the  [>rnfi»aic>n  an  the  irnidiuil  BicniuulDUon  of  in*r  iblnj  T^an' 


"  Dr,  DuvTb,  )"Hni;iti;(  an  bn  ikiM  to  liU  ■ppHnIt}' 

IncnM  ■pliliiitc  for  (>".■  t"latioti  nf  niwliauiml  piob- 
OtD^  taKn  a  iii«b  rulik  u  all  onbopziNiic  aiirKHon, 
aiul  hl«  Tory  |irm.'iii'nl  »>iilribulion  toihi;  ilttrature 
ol  Uiu  lubjoci  in  l>itli  vnluabli)  uii'l  i'|i|ionuiu>.    We 


dfi-m  H  Korlhii  of  >  |ilnoe  in  vveiy  ptijilelaii'i  B- 
btarr.  The  ntyle  i*  unprMcndliu:,  hut  tnMkairi, 
gt*pliic,  aed,  beat  at  all,  quite  Intel  lifibl«."—JIMi- 


omp^ 


DOTT.  A  Uanual  of  Instruction  in  the  Principles  of  Prom; 
Aid  to  the  Injured.  Di-'igm-.I  for  Mililary  and  Civil  Tse.  By  At.- 
VAii  II.  Pol  r.  M.  D.,  Major  iind  Siirpcon,  Ninth  IlcKimonl,  N.  (i.  S.  N.  Y. ; 
Attvmling  Surgeon  to  Itclk-viio  lloepilal  Di^ponsary,  New  York. 
324  pa^os.     With  00  lUiiUrationa.     Clotb,  *1.S5. 


TUis  twok  i*  InUDilixl  Vi  inij'an  Ihu  knanlml/o  neivaaary  Tea  tho  pRuni'l  anil  tiiTilTltmil  ( 

^ni  vulTiirifLjf  ttotii  Uirmntrhtmo,  fmi^iirr*.  tiiitl-mti'iiu.  tff^uudis  oorrlEi^l'trj'.  buma,  riw^lr,  i_ 
[>iiit"iiiiitf.  Ibr  tlfri-t"  ••(  hiul  nr  ml'l,  uixiilrt  i .  c|<>li;|>»;.  iboM  Twoueil  tn-ta  tile  wator,  md  otur  ■ .  _. 
limit  vhjoh  me  lliihlv  to  oocur  ut  iini  il'iic.  the  raaiilta  of  whUli  may  br  niatonallf  mlutMnl  by  ibo 
cow  and  ottunliciii  irhieb  llir  tuOi-Kr  teiwln-,  m  llio  uuUct. 


[ii  onicr  that  till-  *•»*  inay  bo  nod  iiiti.llii.Tiillv.  the  niithnr  lin>  icivni.  in  acinar  anil <£mp1a  I 

Iha  vleini-nraiy  giriiicii'ln  of  anatomy  ami  |>1iyiilLil"('y,  inrUsilitiit  ttic  ncalomy  of  boasa.  DmiBaMa,  Mfd- 


■acta, Joint*.  uiriKlof.  (ynnvial  momlnMiici.  ikricrii'i  and  xtkai.  Mid  tho  phrriati^  of  c&oalaiknijn*- 
plnuloll,  allmi'nijition.  *i»tetioD.  excrciion,  und  [he  nurroui  •y,Mffl,  botii  miqaola  bains  [oonia^y  Hto- 
tralad  bIUi  wo-Ucuw  which  oonirlbuto  much  to  a  clvur  unilcrMJiniliiijt  ef  Umimi.    tVn  I*  Mlomtd  bf 


lna[niciIrin*liibaQd*Klntf  anilthatuoof  anlUD|iiioiiBiiil  •l)*inf«atanta:  aflHwhioh  tho  iniiow  pondMoaa 
In  which  on»  way  bo  (domd  by  atoidtnt  an  traatnl  in  a  Banner  aai^iilated'  to  onaldv  aiiT  pcrw«i,  *ba 
iiat  auatonid  Iha  ootitonta  of  the  hnok,  tn  mndor  inlulligoni  aiaiaianM  to  tho  aoflbnr.  Illiulnlliaa  an 
itUDMnaua  and  ainpliQr  the  mcthodi  deacKliod.    For  tb*  Amtiulano*  t'MjM  oe*nc«(*d  vllb  tha  dilmal 


OATALOOVE  OF  MEDICAL  WORKS. 


ii«tU«mU  of  mllitlB  of  IliD  varlnui  8uta,  far  wblali,  (Oil  fot  th«  dBM«  far  liulnmlon,  the  book  1* 
Mp»d«lly  iliMlitiuxl,  It  wiL)  tu  nf  InoMiuulils  value.  Tbu  uicifao<]>ijiuplay»l  iii  tb«  ItniUd  KuMi  Ann; 
At  Uiv  UU»pC«ali>i|i  uT  wauntlwl  luno,  Uio  niuniurr  iu  wlil«h  ■wurd>,  ba}oii4lJ>,  PCd  ^ii*  Mil  Iw  (ucd 
MapIiU*oru  mcaut  nf  tnnipnrtaliaii.  ura  Tuily  dvM'rltwd  Mid  UliuUMvd. 

Tfao  boalc  b  of  u  liai  couvmieni  lor  Uie  nock«l,  an'l  embtncs  a  gfiaumiintif  sukjivts  thui  t> 
found  In  any  «ark  of  tlio  kind  hncuIotVirs  pnbUatiml;  uiJ  )u  c<iinpUtcn«H  ■nd  «ni(i1icii7  coininvDcl  ii 
to  tbs  ([MMnil  [luUio  M  VDll  u  lo  tlial  |wnioii  which  fbniia  tlw  mililiB  of  tb«  HutM  ol  ttm  lluinn. 


DOWN.    Health  Primers.    Edited  by  J.  Lamodon  Doww,  JI.  D.,  F.  H. 

C.  P. ;    Hesbt    Powek,    il.  It,,    F,  U.  0.  S,  ;     J.    MoitTiiiKB-tJuAirviLLK. 

H.  D. ;  Jiiiiij  TwEBDV,  F.  It.  C  S.      In  Bcjuart*  IGmo  vtilmni-.      (I0II1, 

cvtl\*  ciich. 

Thouitli  II  I*  "f  lUo  2"<itiMt  Imi-oruaoe  that  boob  npon  hoillli  ihonU  lio  In  the  liWIinil  iIckim 
tnulaorttij ,  il  li  unlurl-ii*  ttuit  mcirtvr  Ihc  diiap  aiui  popular  kind  nrv  iMte  unidn  a>iii[itlat!»a*  (^  il>- 
eomjKtMit  pvnoiia,  auJ  an  iittna  uiuImkIIujc  and  u^urioui>.  IninmMd  bjr  tbwo  cnnndrrUion*.  Mvtnl 
oailBent  iqediAl  aiid  xn^nClllE  iiwn  of  Londoii  haro  onailiinnl  topnjMre  a  Mirica  of  IIialtii  I'aiHiaa 
«r  a  chusMer  lluu  ■hull  be  entitled  lo  the  AUI«i  mnfltlL-Dco.  Tbcf  ai«  to  be  brid.nmple,  and  do- 
RMiitHy  io  xiauiDiiiii,  flUoJ  «iUi  Kubnuiniial  nnil  uulu)  Ini'imimion  nDltable  tM  Uio  uuidanoo  ol  mtovii' 
iHi  i>«0|itc,  Kaoh  |iriiii«r  wUl  t>r  wriiiuti  bv  u  ^mlciiiiiii  iip>i<'ii.lI,T  i>ain|i«WDl  K>  irtal  bi*  mibjoot,  while 
lG«  crilini  tiipcrvit'Kin  "f  lli»  Nxiki  i*  iu  tlio  handi  of  a  roiiimtlMv  who  uHll  act  a*  ihlitai*. 

Aa  thoH  Uttio  bwlu  an  produocd  by  EngUili  nothoris  tba;  arc  nalnndlj  bwnt  vcr;  much  Qpou 
Enzllali  i>il«riunw.  but  it  mnUcra  UtlL)  wburn  lUualnilloii*  npna  aucfa  auVjiKl*  arc  di*»n,  iKvaiiM  tbc 
UB<«iltaJoaDdiUDMotavaidluK(IU>.-aHf  and  pruktrvio^  lirallhaivliiatfrMt  (KV'**«vH|'vbr(«lliu«ame. 

Voivma  acHC  rtaif/. 


I.  KxtHum  uii>  TaAiMM^ 
II.  Auxhiol;  it*  Cta  avp  Aauaa. 

III.  I'BsiLinniK   DajtTii:    rn   PauxanuiT  a»D 

I'uvximun. 

IV.  Tiiz  ttoewt  ajn  im  ScBRoiiHiMinw. 


V.  I'KitMDiai.  ArFBaKaXDl  IH  Hui-til  avu  Du- 

Tl.  Bam*  asi|>  Banrara. 
VII.  Tbk  fisnr  A>n  tn  Taotraua. 
VIII.  TiiK  Ituar  asd  it<  Pntruaj. 
IX,  Tui  Ninioi'i  litnu. 


EIiUOT.  ObBtetrio  Clinic.  A  Practical  Contribiition  to  the  Study  of 
Obnti-lfK-s,  mid  the  DUeaiibs  of  Wonivn  aud  CbildrcD.  By  Ueobob  T, 
Kllio'i-,  yi.  \X,  \mv  PriifiHOdr  of  01t*ic-trics  mid  Dim-ilscs  of  Women  and 
ChiUlrcn  in  Uit-  Rt*!K-viif  Ho»[>ital  M*'<Jical  Collcg*' ;  Pliyaician  to  IWIfviii' 
llofliiital  and  to  tlic  Now  York  Lying-in  Asylam,  i-to.  8vo,  4G8  pngi-H. 
Cloth,  «4.W. 

Thii  «ork  U.  In  a  invaaui*,  a  ritiimi  ul  i«[iunit«  papeni  pn*ioiiali_prauai«d  by  the  lala  Dr.  CUloI ; 
aiid«UltailMhbMld«a,al*vnTdiifDrarl]  lnnhiiiidre>l  iiiipoitanC and  difllOixlttataaliinililoirDry.M'iNtMl 
tiwa  bu  om  praftioe.  The  cuta  thiu  ccllvcttd  rr^'rcMnt  Ihilliniltjr  Ihe  dtfflmlliw,  aiuioUi*,  and  db- 
appdounonta  Inwpftnblc  ttom  Cbn  jiracticu  of  obitciricit,  a*  veil  ■■  aoioa  nf  Iho  luciwin  fni « lilcli  Uie 
pTafbaKlrin  nrr  cucillct  to  hopo  tn  Uiiw:  unliions  stid  nvpoiul bin  idtk>.  It  bn*  iiiot  with  a  iicurt;  rvCEp- 
lioD,  and  ha>  rrcvivpJ  thi>  liltrhwit  aiiociiiiiuiiM  Imtli  tii  Uii*  «i>untr)  and  in  Buropc. 

EVANS.  Hand-Book  of  Historical  and  Oeot^raphical  PbtlUsl- 
ology,  with  Special  Hcference  to  tlie  Distribution  of  Consumption  in  Uh- 
riiiti-<I  Slates.  Compiled  and  arranged  by  Gborob  A.  Etans,  .M.  I).. 
Meiiilur  of  the  Mivtieal  Socirly  of  iho  County  of  Kins*,  New  York  ; 
MiMnln-r  of  tht-  Amfrionn  Mrdioal  Association  ;  formerly  Physician  lo  the 
Atlantic  Avcnuo.  and  Buehwick  and  East  Brooklyn  DiKiK-nsaries,  etc. 
(*vo,  a94  panes.     Cloth,  (I'i.OO. 

"TbU  W'tk  nf  Dr.  Eran*'*  pnuioiii*  n  mou 

Tflprrilirn'ivii  Ti^it  of  ihr  antgivt  i^f  phthiua. 

Th*  liiitorial  •kptJ^li  «t%hv  diacagelaaninplewiuiii 


(v«aprrliFn>l«d  ripit  it  llir  >iitQr>^  i>r  phihiua. 
Th*  liiitorial  •kptJ^li  «t%hv  diacagelaaninplewiuiii 
•al4(tunina,  the  an>nunL  of  the  fCograiiililtAl  ill» 


Mbnlion.  bath  In  Ihia  rouiiiry  anil  abroail,  nrj 
[iiv.nu^liv,  ted  \hs  i>-<ii<'tii->''iia  dnivn  ant  lo^oal 
BOd  ttairitt.  r«iii!.liini<iU'  ajiiw  \n  (tivrn  to  Uh 
tOpngTaphr  and  m-lri'rolo^  of  diiTcrtnit  |iaita  of 
IM  UOikd  StaUa  ttiih  nOicau)  to  ooiuuiopllan. 


I 


Tl»  aulbuT  haa  eTldeUlj'  exardaod  aa  nnu«u.1 
unounl  of  paiMtahinK  caro  Iu  tha  compOatUiu  of 
Ilia  (tatuliot,  niili  th»  mnli  of  affindloc  the  ioi'l*r 
an  aofural*  plulurc  of  tli«  olinutio  antl  iprigni-lilGal 
fai-b'n  iliat  boar  lueh  an  iinmmint  purl  in  iho  dla- 
triliuiiim  ft  ll>n  Jlmuc.  The  U.-ik  i-  un<'  ulitdh 
ifa'nilil  Hint  wUJi  a  laixc  aalc"— ^WMaiyA  JMi- j 
rat  iUn'f*. 


u 


D.  APPLETOJt  A  CO.'S  ILIUSTBATBJ) 


■*.  .  .  A  work  in  whith  b  coIImWiI  all  Uu 
lOKiBti  UkU  III  rq{ard  lo  iJ»  di^^ww  inU't  tonainli' 
*viiJi  ■nob  IntBOitf  m  to  «uMr  (vprv  itlireiouiu  ru 
<tiM»  la  tui-cBiufi/ar  U  1b  Iiu  Uoniry."— Cin- 

"  X>r.  EvMis  hu,  In  chii  llttla  rolnnw,  minilsnil 
HI  innuDDM  udiUtiw  Id  tliu  pnotitioncT  in  ihv 
KM  of  dMonninlnj;  Inr  lilm  ih»  boat  locoUij  tor 
(■aUirnlB  MilTrnnx  wiUi  a  diwaw  wllh  which  vtfuiaic 
■Eld  location  ha*v  muni  to  d<i  t^'t  a^J'  ntJuir  »m]ud> 
tovhlcb  Uic  human  Boah  w  hoir  .  .  .  Wi^  i.-n.- 
mmi'l  it  to  uur  nadcra  a*  a  vftlualili:  additiou  to 
Uicif  librari.-.."—- Inuritui.  MiJitat  Difat. 

1l  pnwntt  Umfnwa  rolUbtn  doU  nt-^tolD- 


" It  Iiu  a  iwcqlbr  niM   of  IB  OWS  b 

briDirlDs  lata  pnciwa)  rdabmifclfa  Ihata  mtam  m 
kMlMbMd  Mid  dUBault  of  aoim»."-A»wiMM 

'*  In  aompilinf  Uro  abov«  work.  Dr.  Krana  ba> 
mKlered  ■  moM  oMful  Mrriw  to  Uia  nwftailin. 
llvrNon>i«  It  haa  becR  neBWairy  Ui  ekwa  (h« 


uaaay  •oureoa  tlio  knuwlcdm  li*"  mataioad  in 
•III*  uiiall  rolniiir.  Au;^  on*  *ho  bM  bad  owiaii 
III  prriiimi  Ihb  anJii'iu*  work  irUI  BMmdale  ai 
oii«  Ihi  labor*  of  llir  aulhrjf.  .  .  .  lio  latk  bM 
been  petformod  llic4viichl]i  luid  wvll.  .  .  .  Wa 
leal  mn  Uiu  book  irtll  bo  loiiud  uihid  tlie  uUt «( 
_„  _ ov«*r  phjrnliBIl  iulcttttoJ  in  Uil*  widisprnd  and 

•t>1«.and  ii  ■Hoircllxa' an  intrnutini;  and  tb1u«IiI«     fiLtufilto-iiac.  .  .  ."—AifnUi  IfntiraJ  aitl  Surfit^ 

bw>k.'-.Vnr  KoglaoJ  Mulital  JbatUy.  Joi.r*al. 


EVETZKT.     The  Physiological  and  Therapeutical  Action 

Ergot.      Being  tlic  Jiwi'|ili    Mulhi-r  Smith    Priw  Kiwiij-   fur   18sl.      Bj 
Etienxb  KvK-rxKr,  ^1.  D.     Hvo.     Limp  cloth,  tl.OO. 

'*  la  nndcrtakloic  tlio  prvatnt  work  m;  oHoct  mu  lo  jixacet  la  a  candeniad  ■Mtncr  all  Ibc  Ui>*^ 
paotio  |ia«ltrilitiB*  of  avot.  In  a  uuk  ol  thU  iuinii«,  originaJ  roacarpli  b  aM  of  tb«  qnstlo*.  N* 
nMa*a  afidMoa  !*  aufllviilM  to  natabllilt  dio  niaritu  or  u  ilran  rnniitdAnit  In  tho  TnalkTm  Initioatod,  mi 
noonainiHi'aoiiportun^iaiananllltwiiC  to  iitw|>  ilirvmlri'  •ii1>j«i'[.  Ciia-miwiitlv  it  n-main«d  togalknr 
bom  Ihs  Tnluinii*  of  ^aat  and  ointoljLvrirHJioiij  llMstun-  tliu  urtiniony  oC  Uic  iiiiiJtiludv  uf  ptjMdi«' 
dial  h^  bean  led  to  IW)  oiKot  la  diffcRnl  morbid  miidltlon*.  1  have  nnmlcd  otcriiUiliitf  tW  haa 
com*  [o  iny  ni>t><v,  I  lui<  groupcid  and  olaaiUUtl  the  iinmanac  nunvhal  In  onr  pnaafknt.  In  all  oav 
fn  wliioh  (he  nc4i<>n  of  oivM  could  l*  anjUlnAd  I  hnva  atiampwd  lo  -lo  ao,  aluiauifh  tbU  imk  la  to- 
qimitijdl&lcult.if  tii>t  impfWMbK-.  .  .  .  Tlii  wJiir  irill  «a«  that  giyrt  ka» hwn  lucl  in  »  Wga  Biwntia 
(■rdlaoatoi:  tome  of  tln^u  ii-iy  liiivtr  lidlvorno  t-iiuniaal  ralui-.  frt  il  la  <crj  imprirtani  to  kno*  tlu«, 
aa  1)107  atrnio  l!hi<triiie  iliu  ilivtuficutic  pmptnSMof  tfao  druft-  Tbei bava been  bnHi|rhi  to  ilienalMa 
of  UiB  rusdur  uiiij'wi  unv  oniiiiifniii.  but  clicuc  ilial  ar*  Haciiiitnl  mid  of  iho  araacBt  pn^iiral  liofor- 
lanoa  liarn  tvn  tU-ail  willi  inotr  lull  v.  Amuiii;  Ilii'  lallurnwv  In-  inoiifl'inod  l£ailM  of  tiv-l  ia  liillMli 
maHoti,  aauuriim.  cardiac  diMOMii,  ili«  i"»t-j«rturi«ut  alata,  uMriiM  flbroid  tutnora,  rtitumatiiBi,  oUk" 


FLIKT.    Text-Book  of  Human  Physiology,  fur  the  Um  of  Stoilonu 
aod  Prnctilioncrs  of  Mi->Hriui.-.     liy  Aistin  Fun-t,  M. D.,  LI..  D.,  Pmtfi 
flor  of  Physiolugy  iiiil  PiiyHiulogiciU  Anatomy  in  tbi-  Bvllcvuc  llo«|ni 
Uedioal  C'oIlt>gc,  New  York ;   Fellow  of  tbe  Nvw  York  Stato  Medical 
flOcUtion,  etc.      Fourth  edition.      Entirely  rewritten.      In  one  l.irife 
volume  of  HT3  pAites.  elegantly  primed  on  fine  paper,  and  profnscly  UI 
trated  with  two  Lithographic  Plalc«  and  316  Engravings  on  Wood.    Clolb, 

ie.00 ;  ohei^p,  tl.QO. 


[•Mi 

i 


VraoKaH  or  lurn«Aib<«. 


.P 

<»k 
«l«.  «^^ 


"  ('Bnl'ii  Phyiiolnii;  mvdi  no  inlradiHliaM  1 
thr  pmDaaion,  a>  U  kni  bui'U  a  itaedwd  tan-book 
■Itltc  Ita  flni  appuranM  ii>  ISTS.  IdUiI>i  "' 
tlie  it-At  lilt*  liFon  anttraly  rvaiii'i'ii,  atid 
now  Taota  that  liaiv  bwu  nla'-litlitil  an 
duci-d,  *i>  lliBl  it  i>  cMontiiilly  a  nt*  Irralbv.  I 
chmccd  I'>>nn  lUid  tj-patcnililir  of  tho  kofc  aUa 
firing  \\  ttio  cnimlanaun'  of  a  Mrantvr,  oaitll  *« 
irii'i  III  llir  rvntral  jilan  and  nntiimntM  Uio  nid. 
lUiulliiir  llucamrata  uf  ita  pitdwaMora.  Ilbaobta 
miitU'r.  [icvntiBr  Tgem  niid  IbtDtin,  til>(ni4cal 
n-ltn'iios.  Icnrlliy  •Ictcripiiaiu  at  oKparlaaMl 
idi-iIiiilI>  hikI  ap[«n>cui>  Iibtb  all  Ime  wIm^ 
rmiitic.l.  Sii  n1>n  of  iuIdiiM  nlintomi.  wktcb  ' 
•>iil\  lnvn  iiin-iiiifrwJ  inriJititally.  and 
t<<  iUprot-ct  flicc  in  vnrkr  on  anatmi'i 

■"Tim  ol[|ctl   bulTik-  !•>  iimke  s  ■■ 

iifiv-Ti>lp'i;j',  "I'ly  rr.-i pfiiiwil  ((1(1  *•<  i« 

null  hiiiT  Wii  immiiUil;  but  no  |>t-i'-  ••—•  -td 
apnnyl  Ti>  \-TrwM  IhpR  in  tsck  a  dtw  IMd 
CkIfJ  nuinnot  as  to  uivr  Ibn  utodcnl  Ibo  »J«I 
■■itini;  |<uf  ibio,     Whb  tbi*  Olkd  In  rl*w,  (nM  Utt* 
poieiiinDU  linvu  b(«D  niadn  In  Ibc  lll«>lTalb^at> 


CATALOOITE  OF  JiBDlCAl  WORKS. 


"  II  b  a  oiimplvia  and  nllable  MM-book,  un  to 

lb*  tlnwsxiiJ  "'>>'*'>  IV  "■■■>  <<''>°  ti**  ■1'^'*  l'^'''* 
of  what  ■  mi'Uwk  ■ttonldanil  ibould  nut  OMiiaiir. 
Bniilin,  WB  sni  jntHid  of  It  a*  an  Aincriaio  pn>- 
ducti«a,  taA  lion  to  pm  It  lUll  mora  ■itrni'lvDlT 

tJasMi. 

"Thi*  ut)i«  buttbodltioiiof  «o«of  IhaitioM 
poi-ulu  Anolcm  toil -book*.  A  nttnpnvicni  ailJi 
fiiruwr  editloiu  ihow*  Uitt  oliilr  ibr  uviKnl  nr- 
nfv(itncnl  oT  4uldnti  luu  becni  nil*iDD<J.  bu(  Ulllu 
i»in{u>  at  tli*  orig^iul  MM ;  It  luu,  IikImJ,  bMo 

■'To  thon  tnnilur  mill 
Uio  oi.rli.  of  I'r.f.  Film's 
|ibyil 'li-vi  ■  It  1>  u'llf  nono- 

un  (II  UT  lllUt  (IlB  pre>0llt 

voruuip  rvuina  all  the  n  • 
colkam  of  ili  pnxjracuor*. 
and  wVA  lie  ruund  a  nJlnblj 
md  umAiI  work  of  refcmico 
Ibr  thw  pnctltioiwr  *ho  ilv- 
rira*  Ui  Inlorm  bIiD.<elf  w  t<> 

tha  pnwiU  abla  cf  plija'io- 
ksicBlHieiuv.  Tqshsnitdi 
•ail  Mu-lt-nt  iiiin  nnrk  will 
conmntd  luili'  "ii  uvouni 
of  ita  di^wDMi,  coiiciwna*-, 
and  Intidllalblp  prowntation 
of  tliD  Anilnniiintal  tad 
e<«pniU(  Bwcpicil  fnou  of 
pliytl-ilojy,  T(w  i.ulliur  lin- 
■ol(>(4nl,  Willi  jui1ici>>iJ-  ' 
oBcl     e)(n>l1.'ni     iwL'i' 

IbOM  pllfcinlnklH^.ll  Kn'i 

Ihcorlw  w-Iiii'ti,  ■' 

«ainpnluuiili~l,  "  M 
•lljr  OMlrt  tliL-  tlU'i.  .iL  11^  [|j<j 
•htddllkn  -if  vliriioU  onJ 
patboloflisl  problem*,  and 
■411  ibai  wno  to  r«*«iil  tlw 
•low  MkiioMhlpand  InUr- 
4eMndenoa  of  phrriokisy 
aM    ntiMal    DWillciiMb'^ 

"  Tbo  sRol  (>li>Rii  oT 
FIIdi*>  W'irk  on  uhimiolOKy 
U  ItiM  it  in  inndr  iDtanatina 
tolhareadrr.  TKIa  itou  not 
b;  uiy  iDBUii  Imply  thai  It 
U  a  |>u|<ii1fir  niirk.  or  nna 
aJdrr-Mil  TO  lliD  ttnprorct- 
^onal  miiid.  fir  il  \t  u  llinr-  ^-a 

ourij*  Kdenllfli.-  uikI  inrt  aa 
taiiy  tnln  nil  Uchiiiral  di.— 
loilt  »  II  muld  il  vritcmi  in 
llii'  <li;''-i  and  mill  pRnolo 
•tjlv.  But  Uit  author  Iim  ■  knock  of  wnvlnir  tn- 
■Mhar  hb  lhi«t  Into  oo  oanntcted  •  lorai  tliM  many 

5tU  or  th«  hDak  an  abMirblmr  Is  ihair  latrnui. 
any  wnrica  on  pliyiioloey,  noublr  Uinw  <4  Wr 
e«nuan>,eonN*t  of  BBKnnmrdof  tbe 


Mitiirty  nvritUD  la  ordar  U>  kaaji  |bc*  irltb  Ui« ' 
rafid  advanoM  ia  phr*l->|iwlaa]  R'HikrxIi,  Tliv 
•iilhortiuajoptad  the  tioir  tn«Iid(Bl  oomtnclmiirr, 
ami  lin  luM  vary  vUply  rulniiiiiil  Ilii:  Kiiulltli 
v«l)rhu  aiid  rrit4»ariu  anJ  tho  Kalitrnlirii  iivBTr  of 
Ihi  Lhrniitinivlcr,  iilaciui;  llinir  ottrio  iKii^valiHlii 
lu  paNUboai. 

"  Ifona  thlug  ninrc  than  anMliar  liaa  n>nf!butpd 
10  malCD  till*  tSt  toM-lKwk  nf  hamiii  plijaiulniii, 
U  U  Uut  ••eaMnhnl  flic<>h«vp)wii  allowM  tctali* 
prDmlFDCB  utcr  iwCulW  TVco*  and  [^  Ihviiriw, 
vbalhor  of  Ibo  anthor  «r  oT  ulhen."— /V<ii4<o 


Snawni  rr  li.iciTUTnui. 


oi^taUona  itid  oiij<<rriiiipiil«,  (be  facta  vfiuptd  ap> 
ainliofr  to  the  part  or  otp*  dcaortbad,  but  tliair 
n>tatiiia  tn  <^t'  anothvt  and  ib«  oumqim  dI  tha 
vholn  nft«n  Ivfi  fortha  fituileai  to  flgiin  onl  fiir 
naulta  of     hl)Daeir."-.r«rfAir«<(n*  £«aM(. 


FLINT.     Manual  of  Chemical  Examination  of  the  Urine  in 

Disease,     With  Brief  Diri-ctioDH  for  tlii-  Kiainitialiori  of  the  munt  (*um- 

moo  V:irk'ii(--  nf  Urinary  t'aleuli.    By  ArsTix  Flint,  M.  IX,  LL.  !>..  IV)- 

fesHor  of  Physiology  and  Microsoopy  in  tJie  Bcllevue  Hospital  Mitliml 

Coll<'ge ;   Ftllow  of  Ihe  Nl>h-  York  Aciwl<-my  of  Mc-clicinv.  olfl.      Fifth 

cdicion,  roTised  and  convi-t^-d.     l3tiio.     77  {Mgos.    Clotli.  tl.OO. 

Th«  •■hUf  aim  of  thli  Ilttir  wnrlt  b>  In  unable  ttio  buay  pradliiiaDT  to  toaka  iar  UaHttf,  rapidly  tiid  i 
oaaily,  all  urdlnary  vumiiuLiona  of  t'rliM:  locin  kiu  llie  IvmCl  of  ibo  aiitlioi'i  axwrripiKD  In  albnU  J 
MilBf  Mttla  iliScuIlaa  in  lliii  nuttupulatlaat,  and  In  rtdunnjr  pniccaaa  at  onatj"*  to  tto 
iliDlAtiV  that  la  «a»>i>tuit  with  aecsMoj. 


I 


FLINT.      Medical   Ethics   and   Etiquette.      Oimmcntarirs  on  tbe 
Katiooal  Cixlc  uf  EtbicM.     By  Aitktim  Fuxt,  M.  D  ,  ISj.  I>.     ISmo. 

FLINT.     Medicine  of  the  Fatnre.     An  Address  |irepnrc<]  for  the 
nual  Mt-ftiii^  of  tlic  l>riii><l  Mc-dica)  AxBocUtion  id  1860.      By  Ai: 
Fi.iXT  (Senior).  M.  D.,   LL.  I).      Willi  Sl«e!   Engraving  of  Ibe  aiilh< 
I2mo.     .STiwgrt.    Cloib,  fl.lJO. 


The  •bo*!,  Iha  Im  of  Ibe  tlwugliU  of  Amdn 
FUnl,  *bould  be  in  the  lunda  of  evur^  wlwlm  at 


"Tlio  Imc  Dr.  AiiMln  Flint  w*  ■prroinld  (o 
i**d  the  Mldniw  on  MciDtiae  berore  the  8rit]*b 
Ucdlnl  AtMxullan  at  iu  tuvoting  In  IBM.  The 
oneuwript  wu  Kininl  ■inoD4(  hb  poper*,  wid  ilio 
■lUnM  ii  pri[it«l  pninM'Ij  »•  It  ■•»  wrltUn.  The 
ynof  tnnvcmaOT  na^  0}  hliinn,  •rhod«lifHlc> 
Ibli,  bl*  fexkei't  but  )it*fan  «on,  to  Uie  pro- 
fiiMikiTi  liu  VI  lovod  aiid  ndmiml.  The  IxiaV  aiii- 
UiiK  «i  I'lotllpnl  pnrtnit  Of  tim  l*tP  l>r.  Kliril.  It 
b  ■  mnit  fliting  memorial  toluinc.    the  o/JdiviK 

icnif  I*  B  mME  Miboldrl}'  irotl..  ami   thoulil   be     — lUiil  DMbinr  hut  Ipen  ittt  imilt'iiu  bj  Ibt  itJi^ 

t."—Bvf-     knom  tmblbben  lo  malw  tl  uirBcilt«/'— JIMk 


Uie  unal  ■■■4  food  iihjaldab.  Mul  wLm  tliM  k&uvi 
HiyLntna  of  AtDSrinn  idmUiHiiv  AiA  nut  adnift 
b^m  I  Eniiil  neviT  nml*  ariilbiiiB  that  ■■>  M* 
cooil.  U|>I  llii'  ni«  lilllp  liwk— (oarrntp— bcAnai 
Beata  that  chanicMriMU.  Tbu  maaiucrif*  ••• 
Ibuud  amiiQn  III*  papcn  aftw  hb  lUatli,  asd  «» 
I'liouU  Jiut  aa  it  aai  wriltM).  It  mntain*  a  good 
likruewnf  the  aullior— au  f-ln-ant  •(«!  eiiirni*liif 


ihIiIoI  id  the  llbmrr  or  orcri  praclltlonct.' 
fata  MiJipal  and  Svrfieat  JOHmaL 


4iffi  VilUf  lliJiml  UomOlf. 


■^ 


FLINT.    On  the  Fhysiolo^cal  Effects  of  Severe  and  Protracted 

Muscular  Exercise.     Wilb  spi-vbl  rcferpnop  lo  its  lnftaciH-«  npou  (h« 

Kicretion  of  Niir^t'cii.     By  ArsTiK  Klist,  M.  D.,  LL.  1>.,  i*rofewor  of 

Physiology  in  the  fldlcviio  llotipital  Medical  College,  Kcw  York,  etv., 

8vo.    91  pagcj^    Clolli,  tKOO. 

ThU  mnaoarniih  na  tbc  relationa  of  Urea  to  KxproiM  i*  the  naull  of  a  thnnmch  and  oarHb]  bi 
Ration  made  b  iiio  eww  of  Mr.  Edward  Pa^non  Wntiiu.  thn  tvlcbratnl  pnlattrian.     Tbc  obt 
■nalfMa  vera  iiinilo  uiulur  the  dliectloil  of  R.  O.  Donsmui.  M.  T).,  I'rofcw  i>r  I'hvialMff  anid  TaiSc<4- 
007  to  tha  Bolli'Vuii  lliupiul  Hadical  (*oIle<v,  by  Mr.  <>M3ir  l-ixiw,  bin  biuUibiiI.      The  ot*«rratKM_ 
<r«t«  nndo  witli  lira  ■D-opvnitinn  of  J.  ('.  l»Titt<iii.  M  P-.  Pmfpui.r  "t  PbfMolocy  in  iJic  Collni*  i 
VWj^lan  and  Snijieoii*-   Alrtaudcr  B.  M'>ti,  )l,  P..  fpi-lvn-t  d  Riirpral  AnatDfOf :   W.  U.  Vi 
Bunm,  M.  D.,  Vroti-motof  Pr1nel|>lr»  of  Sutgcrj  ;  Aiutio  Flint,  M.  D..  Fcbftiwor  of  ilie  l*riiwipla i 
PnKtloo  of  Meaii'tiii-;  W.  A.  llnmnicmJ.  M.S.,  l'rolte»r  of  tlio  Dlmuoa  ef  the  Mliii)  Mad  Ha 
Sjmkiu— all  of  Uiv  IWltmc  Hipniitnl  M^dioal  Call«|[«. 


J 

IK—         ■ 


FLINT.    The  Source  of  Muscular  Power.     Ai-gtimmte  and  C'oocId^ 

^ons  drawn  from  ObttcrvMions  upon  the  niiman  8nbjcct  under  condit»i^| 

of  Itcst  and  of  Muscular  Exercise.       By  ArsTix  Flint.  SI.  IX,  I.L.  D., 

ProfesBor  of  ITiysiology  iu  the  Bellevue  lloapitiil  Medical  College,  Ne« 

York,  etc.,  etc    8vo.     lOS  pages.     Cloth,  $1.00. 

"Tbara  U*  bar  quMtlona  nbtiiiit  it-  I'tiil'wpJiy  of  ([mtur  iiiteiMi  and  imponacira  tlian  tha 
which  It  diB  tutgwt  of  thia  aaaay.    I  haw  nilvimiii'il  t<>  |ii<h'iiI  an  aoi'nme  Maiirmontof  tnj  ma  nt 
valloAa  snd  whit  mvai  to  me  to  be  (hi'  logical  miictu>ian>  to  br  dravu  lyoic  than,  aa  nU  aa 
acpFTimcnln  niorlc  bjr  otlicM  upon  the  liuinou  ■ubjcot  under  condllioDi  of  twi  and  of  m< 
eaercliK."— /'n»"i  ih*  /^/aa. 


FOSTER.  The  First  Volume  of  an  Illustrated  EncycIopEedic 
Medical  Dictionary,  itcitig  n  l>ictionary  ol  the  'I'cchnical  Temu 
u»cd  by  Writt^rs  on  Medicine  and  the  Collateral  Sciences  in  the  Latin, 
Eiiglinb,  Fn-ncli,  and  German  Languages.  I(y  Frank  P.  Foktkr,  M.  1),, 
Editor  of  "  Tint  Ni-w  York  Medical  Journal."  With  tbt  Col  I  ul  .oral  ion 
W.  C.  Ayuiw,  M.  a  ;  E.  B.  Bro-vsos,  M.  D.  ;  C,  S.  Bri.i,  M.  D.  ;  H. 
Cob,  M.  D.,  U.  R.  C  S.,  «tc. ;  A.  F.  Ciihnikr.  M.  I>.  i  A.  livxst,  &I.  D. 
Prof.  S.  IL  Gahk  ;  H.  J.  Gariii.ukw.  M.  D.  ;  C.  B.  Kkij*kv.  M.  T).  ;  It. 
Nrvins,  M.  [>.  ;  and  IJ.  G.  Wii.nKii.  M.  D.  This  work  will  bt*  ooniplei 
in  Four  Volume*,  and  is  sold  by  Subscription  only. 
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encuax  Of  lunnftATiON. 
»  Jt  t> 

(2 


tilt  oAU^Hi-tiiDiB  4ini  u^ncKn  ■nincTvsu.     {rwat  ruvT,  aitmi  Mrrar.) 

l,l;il.4na<]MUiiil  4,<Llk,iV:.T,  ■.  uaiirMiMil  puinMilr  rioi'It;  tl,l(^  it.  11,111.  nr*ri  llifuCI'Miildcii;  l£.li<|*Ue 
dD?i:  ii.  pnlk  dnet;  It.oainuun  <liM(:  IS  i«ri*J  Ttlo;  :b.  Iiruub  from  iln  <aiUu  uAi]  10.  IihibUc  uttrf,  II. 
sunnuy  «1MT  ut  Uw  MaoBtli:  HanllK  (lO'Uanar  UM  •luiuifh:  ta.  ipluilD  irUrj;  M,  (ptiMa;  t\  Itft  Uilusjri 
M,  mkl  kI4i>*T  I  IT,  Mp(rtar  nMMSlHle  ttiof  uJ  mlo ;  1\  Inromr  K'U  ntm. 

Tlio  dirtinodT  fmlure*  of  FoiiI(t'«  " Illiinml^l  Kiii-vplofmilii-  Mnlio*!  Dittionnr;"  an  ■■  fnllowu 

«ot»i>i(uanll;  tt>  duAnlilniu  nr*  more  nocuratc.  Olbcr  niullunl  iHcilniiariiv  bavc,  li  la  uuv,  btan  coa- 
•ulleJ  oc<i«liu>tly  ill  lu  ]>ropat«li(in,  but  wJirc  hu  bcrn  faunJ  In  tlimu  ho*  oM  btmt  occcpMil  iwUm 
■orntinf  *how<Kl'ii  lo  In  mrrvtt. 

tl  tuts*  the  louniH  of  Sbi  infijmittion,  ttiii*  nnalilliii;  Ihi-  cHlii'iil  mHUr  U  provide  hinaelf  wlib 
vvlilniM  t^nlilch  tojndsrof  IUkOcaRu7,>n<Jalio  In  man;  liv>laD«a  ^l^BgUm  In  an^  ftinfaor  Mudj' 
of  the  ttlbjuH  lliBt  lio  inuj  winh  to  nialu. 

Iti«llir<><i]<"")rknr(li«I(l>ic1  prliitoil  ill  ilioGntfti'h  Unitnwp  In  wliliili  plMortiU  lUiuinitioiMtnaMd. 

Il  tdb,  In  nfCUil  10  rtrrv  ivor>l,  whiit  jort  t>t  MV*ixb  it  lt,BiHl  i-.Kt  nnC  tltSiiv  nOit'i«  tr  <1  (lirv  were 
uljivtiir*,  ■nd  Fir*  tirmi;  'nnd  it  Jon  not  itiic  FroDdb  adjcclirei  aa  tlia  "  anaiOfiUB  "  of  EuicUih  ta 
I^iLci  riifiia>. 

Il  iviiitalii*  mTi!  EnifllHli  nnd  Ijitin  iiiajnr  lioMlinirn  than  anr  uthoT  medlBBl  dlcUonai;^  jirtucvd  lu 
E(uli<h  nr  tAtiii,  mora  Frvnch  ont'i  iliaii  any  [irinUuJ  in  Kiciicli.  md  tnon  G«nnan  ohm  tliau  any 
ptlDle4  In  (knnua.  all  unnninsd  In  u  ojutiuMout  ivcatiiilnr} . 

The  ■ub-bcudlujii  oiv  a>uiill>-  urraujui  unilcr  ihe  ruDibuncntDl  word.  rnoUnf  it  mudi  moM  ene/clo- 
pMiIio  in  tiianctw  than  if  (hu  vouiinun  ouhioid  had  bean  faltowcJ. 


FOTHEROILL.    The  Diseeues  of  Sedentary  and  Advanced  Life. 

A  Wmkk  [OB  )l>:tiii'AL  A\t>  Lay  ItKAUKUti.     By  J.  Mii.n>:m  FuTiiKiniiLU 

>l.  l>.,  31.  K.O.  I*.,  I'hyiiician  to  the  (_'ity  of  l/jmlon  llnKjiiial  f«r  DittvAwii 

of  tbo  CbcHt  (Victoria  I'ark) ;  late  jVanivlaitt  Pbysician  to  the  ^Vest  Lon- 

di>n  [Ioei|>i(a] ;    Hon.  M.  U.,  Rush  Medit-al  College,  Chicago  ;    Foreign  Ab- 

Dorintt-  IVIlov  of  the  Ruy.tl  College  of  I'bysiciftUH  of  Philadelphia.    Small 

SVA     StKt  pagM.     Cloth,  «2.00. 

•■Tlui  ImoV  I*  tall  of  uMnu  and  irU*  binto  n>r  ttnonaaimA  to  luah  (f  h*>  mor*  inulllmit  paTn^on 

l)io  i<1i>'<loi«B  an'l  lay  reiwlu,  irhctber  on  ailull  or  a«  am  iwatiag  incn  ifao  wire  uid  ;^elk'*  Jeaf."— 

nlrciJy  p>(  adiaiiw<l  »r«r»,  ">»  nnv.  bjf  •li|iR>iIii|t  Umltetl  Aj*. 
tU«Sn«m«ionh.fin,VwH|.M.jt^co«^^.v„Jn,.,         „,^^  ^^^^^^  ^^^  ,^  ro^l,  .  «lwbl.  one. 

It  covon  a  {[round  vlikli  It  uinally  but  Ufbtly 
(•Wb^it  upnil  b'  th"  iinlirury  IkiI-IkwIi.     Il  i*  fUll 


r  nla- 
tarUlljr  limgthDn  bu  Wr.-'-IWiiU  JMlad  oaif 
Sitrji&il  /varaiif  aaJ  H'Wira  Z<ifl<v(. 

"IlUdltB«u1t  toaslo-'l  A'onia  Imolc  of  iiu(?]i  all- 
miniil  i^Mdnoaa  any  apaclal  polcta  fbf  Dotirc.  Il 
miM  •lUiw  t*  My  iliat  il  i>  »acl<  a  wurii  at  Iho 
pbyikiianuviMtAl;  t«ud  biui^lf  biii  Miicviully 


of  valuable  •ni:i,-''-IWf.Hn<l(itli<'r  ihi-oM  of  yoaiut 
pbyaliilBn  wbo  may  lake  it  Dp  will  rvtd  il  through 
witli  Intetwt  Mil  fKltL"~Bnf«l«  ifi-iitytl  ami 


is 


D.  JlPPZETOS  A  C0.'3  /UVSTBATJSD 


FOTXHNIER.    Syphilis  and  Marriage.     I-crt«rw  «U-livfn.-«l  »i  ihc 
LouW  Uospital,  Paris.     Hy  Alkukd  Foi'bxikk,  Ptx^fcMonr  &  la  Faculty  i 
M£ilcnne  de  Paris  ;  MMeein  ile  rildpital  Saint- I>outB.     Truislatcd  bv 
Allt-rt  Murrovr,  >f.  D.,  Pbyciciaii  tu  tbe  Sklu  anil  Vonereal  DuitarluKiii 
Now  Yi>rk'l>ii>]><'nKarj',«tc.,  etc.     8vo.     Cloth,  t2.(K» ;  HbGe|>,  (3.00. 

"TlKiboak«lp|>li<a  >  "ftnl  Iitub  nKOffniipd  in 
modiial  Uuniutw,  and  it  huttid  u|>un  n  lurv  ri- 
UnJfil  axpaitnat  In  the  tpMiiil  boa|>liiilii  Tar  ay  (.b- 
Ui>  nf  Knrlis  'rliii'b  li«vv  nirnliOiiiI  (Iiii  aullidr  uilli 

■  riuli  uitl  nuv  t\an  of  cliniwl  i-.wi*.  uIilixf-1  by 
him  wlih  p*»  dlvriinlii«ti<iit,  ori^n^ilv,  and 
eUnleal  ludgmonl.  It  oilitblu  ■  pmlbuotl  kno*!- 
•djC*  of  il*  tuMM  umlsr  nil  rrUtlen*,  unilod  ttlUi 
tnarkad  Kkill  loil  larl  in  mntiiitf  ilir  Jvlloat*  aodsl 
quM^oni  p«OMW\lv  iihoIkH  iu  im^i  n  line  of  in- 
WIl^tloD.  The  c'ntiru  Titlumu  u  flill  ol'  Inftir- 
ninUon,  iDueuiciiUialtr  voQiluiuud  Into  niiamulo 
'  iwiiiU.'  It  U  a  Uuili  to  buy,  la  kMp,  <u  n'i>l,  la 
[ipiSt  by.  iiid  10  tuDil  lo  other*."— AmMh  JMioaf 
tmif  ^urjTHTit  i/oursnl, 

■■Thin  le^rk  of  Ibo  ablo  anJ  dUclnculahed 
t'nuiob  V  i>bTtii^ni[iIiffr.  Prnrnaor  F"umior.  i*  wUh- 
nul  •biiitit  i>ii|.  of  tbo  mnat  nmarkablo  anil  iiupor- 
lant  pti>ciui:1^tini  of  ihr  ialf.  CkHBOHliii;  mvtauod 
kno*  l<>J^  of  lyphllU  III  all  lu  prtiuaii  f^ruM,  an 
uuuotUM  ucDMioncn,  a  Jrainalio  rorua  of  M|inM. 
«iai>,  unlioutM.  bowev*r,  by  arm  a  (lUi'lnnii  of 
M«aK*ntirni.  and  a  rare  tad  in  dviiline  '"'1^  lh« 
moil  dcllislc  pmbli'in*.  ho  tii»  livun  tu  tli<>  wibJ 

■  •ertca  of  iMiturci  wbloli,  by  Uieir  fnaoliijitlon  of 
■lyle,  eompala  attanclon,  and  br  their  |irM(\inillty 
of  nJiMD  orrtM  oonvioti'iii."'^.  LovU  Vvvrijr 


"  Wriitm  «ith  I.  I  '  iriNM,  iriUiaaap^ 
rioLnbility.onii  in '<  i.witooutsl 

flfi'CI.  COtfi^lii,  llll<..-L   .  ,  ,  ..   -ludea,  tbi> 
one  of  UiOM  widub  ouuiii  l<>  t>i>  imuaili>(<^ 
in  tho  haoib  i.f  vTflr>'  (4iyiti(ju>  who  (Uii. 

only  Uicurphiipai^vol*,  bui  tu  uuJaiMaail  I 

ftti  lit  dul;  ■•  an  huoMt  nua."— ZytM  MiMtait. 

"  So  phy>ifUn,  who  prMfod^io  kM|>  hi 

inf.iTiuctl  upin  (lir  inara  fO^iaJ  qmliotw  tn  ahi 
IhudiHwe  hiiparaaa  alwarbaiift  iaicRsi. tank- 
tbid  to  loave  till*  TshMbla  mtrk  iaatmL''—it. 
L»^  CUtAMt  BKurd. 

••  11i«  BuifaoT  han>fln  this  cnTc  (odal  woUian 
without  idnt.  A  CBOeml  ptrawl  of  thl*  work 
wMiiit  ba  af  iiD1/^d  Gaoaflt  to  •ociMy.'''-£o«{M«Ilt 
JTHfuat  Am. 


"  tvtTj  [mffi  la  Aill  of  tlw  mart  pnuxieal  nd 
I'laJn  ailiic'c,  ouuehwl  lu  vlfvrou*,  emptiatla  '" 


'■  Tiie  lutgoct  hoR  pmcntod  b  ocio  uf  ll« 


1^ 


Imj-nnani  that  cun  ouoa^-  ibc  atutition  «f  iha  pn- 
(■■•■inn.  Tho  iviluiiiii  i.houlil  la  cni'i^'T  NM-  a* 
lbs  •nl^wt-niuiivr  »  of  ([Teal  imiinrUMoe  W  ■> 
ck-l}."— JfiryfoAit  JMwDi  ^Dor««l. 


M 


FREY.    The  Histology  and  Hiato-Chemistry  of  Man.    A  Prae 

tical  TroatiBt-  on  the  Ek'ineiils  of  Com [)om lion  iiml  Slnumn-  nf  thf  IId- 
mao  IJody,  By  IIeisbich  Fkey,  IVofoaoryf  Mitlioine  in  /undi.  TreB»- 
laied  from  tbe  fourth  (icnnan  edition,  by  Arthur  K.  J.  Uarlcvr,  Surgeon  to 
tbc  City  of  Dublin  Hospital ;  DvmoiiHtrator  of  Anatomy,  Royal  Colle^ 
of  Surgeoutt,  Ireland  ;  and  reviHi.>d  by  llic  Autlior.  Witli  680  EograTlngi. 
8vo.     W3  paged.     Clolh,  $5.(10;  sbeep,  «(!,00. 

COA'TSSTA—Tht  Eicnicau  of  Cau>pa*lclnn  and  of  liiruciurf'  -T  Uiu  Dody :  BI'nMMs  oT  C"wjJ^M 
■itton— Album Jnou*  or  Pmiclu  Conipaniulii,  IIiuiiiivl»bii1iii.  lliii'^uviur.'  Ilorivaeii**  nf  Uio  AlbuinlMa^^ 
Subitann*  ur  .Mbmnliioid*,  thv  Fatly  .Xri'l-  nii.1  t'ut>.  Ibc  (.^rl^^-liyiln'i*,  Kon-Nltni(nuo«t  .\(Ui, 
Kilroi^lioii*  ASiLa.  AiiiiilM.  Aniido-AriiU,  iin.1  Ofinnk'  Biui-i<.  Anriiial  fnlnrins  Matwn,  (.'jtaoM 
CiiiU  poll  rill  >•,  Miurnil  <'.>[iiilitUFUIn :  Elciui^nt*  ol  Siruccurr — :l:c  (.'til.  llit<  <>iii:in  o(  tho  KmuIbuh  Br- 
nii>nT«  of  Tis-uv  :  Ibc  Tium-^  ot  Ibii  Itoilr-  Ti»ii.*  cdiiiii'oJ  ci  Sliujilt  CclU.  vltb  Fluid  llrtilllMiHlll 


^utiitanoc,  TIhiu-i  oa[iipii«;il  ><!'  Stiuj><v  ^.-U-.  Htlli  n  wimll  niii.iuiil  nf  (i<>Ii^l  liitvnneillata  ITiiliiUnia. 
Tlfculf*  buloiiiflti/  X'l  thl"  ''oriim(^ivi]  hiibfltan"'  tJr^tij*.  Ti**uc^  <on»j"v*fil  of  Ti        ~ 


.  '  TniitslbniioJ  and.  ■•  ■  mli, 

('nlicriiik;  <'inll>,  Milb  ll'iiiiiUFnijoiu,  Meanly. aiid  mnrv  or  l^n-i  H->Ud  Intrmivlinto  SmbMaiicv ;   rn^imllr 
Ti»»uiw:  The  Orgnin  o(  tlio  Body— ilrgana  ol'  the  VogciBllitTypc,  Or^njut*  Iha  Aninxil  tirvup. 


FRIEDLAENDER.  The  Uso  of  th«  Mlcroecope  In  Clinical  aQ< 
Pathological  Examinations.  Hy  Hr.  Carl  Frikhlaem-ek,  Privai- 
Doccnt  in  P:it)i(>lof:icaI  Anatomy  in  Itprlin.  Translated  from  tlw  ralirgcd 
and  improved  et'cond  edition,  by  Henry  C.  Coe,  M.  !>.,  ot<\  With  a  Clirt^ 
mo-Litbo^fr^ph-     limo,     105  pagea.     With  copious  Index.     Clolb.  tl.00. 

*'W(  are  v(tv  innoli  p1{gwi>il  to  im  !>r.  Frl<Hl-  Wk  in  hit  iMMtaiinn.  ,  ,  .  The  tnaalMw  *■*» 

laondat'*  litlK-  VhhiIi  iiiakril*  afpeurvnn:  in  ICnirliKh  dour  hii  irurfc  irnll.  aful  tiM  ccllK'cIt  iTtiiii 

dtwa.     A*  vahaTo  n  pnu^kul  ii«|Uninlaiicc  nf  tlic  aTeat  Dii'at  on  all  inlciwoojilili   ' 

Oannui  edition  ■Iiiod  iu  ui'iHiininac.  we  con  (poak  tlic  reach  ofuvi-fy  mm  th»  work  ' 

of  It  in  temiaof  unquallflnlfraliit.  .  .  .  Kvuri''>no  u  invhcr  «•  Dr.  I'ait   l^wlUvi^.i-:. 

doing  patholoflaU  work  aliouU  luvu  UiL> 'littlo  Jtntwl  trnj  Svr^it^  Jtyr^il, 
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CMil  bn*  bwrniliHuIn  pUclnir  thU  llttlo    «*tod  In  thU  (uVijtvl,  anJ  m{w^11*  by  l!i*  liMin- 
l&iaitni-rili<' prdrmuiuii.   Tliu  u-u)iiiiqiio    nor,  irill  thi»  lltllo  book  hu  loumJ  ritlun'ulB.* — 


^.  i>uUinat.  anJ   nUiniiur  »l>«i'im>'i»  b 

i.HiJMBUl  iRUtli:  bIh)  niJa  for  tlii>«iBniitiii- 
_.on  afUiG  nulQiw  bodll/  fluid*  in  both  bualtb  and 
Jlic—B.  The  unD  of  ths  mlonacopo  with  Mghpow- 
•rs  ininvr^u  kiuvti,  bqJ  otlmr  nuiMOiiiM,  bi  ex- 
plaioMl  v«rr  oloarljr.  Ii  1.  a  ivry  rmdabb  vnlumv, 
evon  for  Inorc  not  ciufiuvd  in  ncltul  lnbontlDry 
wotlE.  4  cbroma-tlllicitinipb  »ii.i«»  Lie  vnriou* 
Rntiwor  cUwtuo-wri(u  which  bava  iMcn  ■lnllnili.'ly 
(iabM<l."-iM<(>i(  A^nl. 

"  IGenwcopiul  tarJInMwhM  Improvtti  lo  much 
of  Iktt.  upcclktiy  Id  tbo  dirMtiiiQ  of  txa^yiaa 
fantiltOk,  thai  wiiauunt  luiul  llMp  oonitaiitl^  '>n 
Ihn  loubout  i»r  nil  tli»t  ■■  mw,  or  tlit?  will  tnd 
Umit  woril  of  litUa  avaU.  TIio  liook  brfnr*  iw  in 
Jartgned  forjim  ■iicb  worbntii;  It  i<«ni«ll,>iiupli!, 
Mmpa(*,butocinluiuall(bat  oDDUBcd*!!]  Itoow." 
—CUmmiiu  MUiita  J^urnaL 

"Tbii  !■  ona  of  th«  but  books  of  th«  kind, 
lb  dcMrlMloni  aro  ■bott,  ileuil9<3.  uJ  iwimiii. 
Il  !■  dsVoUd  whollj' In  daorlpllona  ufthv  luaUindi 
bnt  oiljiptivl  III  U4  (br  naklux  iDl(<iu>a>)iltal  u- 
•nlnaUon*  for  olinlwl  t>iin>°**^    ^3  Oia»»  iowr- 


"TliUu  III!  veTT  Imakon  fnlonMoDy  ihat  iha 
itcDcral  ran  of  imoutloiiun  Itavc  \tinie  miMi  wtint- 
iuic.  Many  •looton  lOtMikfiulii  Ilicir  iKnijrniu*  <iD 
tnu  •citucpt  who,  wbn*  iiutthvr  i<i[n-i.-tiiii;  nor  oaring 
lo  bcD'imii  cxiicit  miFlwucigJiiI',  ilowaul  lalmoir. 
In  plnin  lan/uiwi.-  Ili«l  U  tu.'-ilT  lnlnllltftbl«,  holt 
unniial  •Inii-tii  nu  and  uliiiiiiiiuil  li>*UMlcok  uadft 
till'  iiiii'TTnr^>|ir.  Th»  bnok  i>  B  irr«at  l>elr>  lo  ><icli 
a  pmtiiiiiirr.  nii'l  itill  do  much  Cn  poiniliiiK  the 

eioJ'--  rt>v.'t(i  Miiiffil  l&hlUr. 

"  Wo  ar*  ela>l  i"  ■«<  <li">  a  s^'^i  irunitBlion  of 
thin  valiinF'le  little  book  ha<  I'mi  iiiiiJc.  Tbo 
nulhOT  !■  (roll  kiiowti  for  hi>  KrI'.'inikl  irijrk,a[i(l  sv 
can  fnil  niaur«<l  ibnt  utmt  Uo  nriti't  mtut  bai^ 
com*  fmiii  pniMlaiil  r\|r.'riviiii'  in  thii  luhonlory 
and  i»  n"l  timplj-  ■  j-fulurt  "I'  lUi-  ■  libmty  tahir;,* 
.  .  ,  It  ta  not  iiitpudetl  DO  II  trutiui  in  imilioloiricnl 
hl*ioIrij)7,  bill  mibcr  nt  a  pnciu-al  ouitlo,  und  a* 
audi  nreQDit  nu»i  liDurtity  ni'DiniiKiiil  it." — UmlMi 
JMtnif  an,il  tfarfic^l  Jiiiirn.il. 


I    OAMQBE.     Tellow  Fever  a  Nautical  Disease,     lis  Origin  and 
^K       PreTeDtiou.     By  John  Uamoer.    6va    SOT  [laKOB.*  Cloth,  $1.00. 

n 


'Thr  BUihor  diHiiavM,  vitb  a  T«t  anty  of 
dsir  uiA  wvilillgaud  beta,  the  natnre  and  pra- 
Vfndoii  of  itllov  bver.  Tha  Korh  li  admirablT 
vriiion,  and  th*  ■Hibir'*  thvoriin  planalhlt  unit 
«*11  *u-Uia«d  bv  I'Hnmt  drduvtiona  (toio  aaUlH 
liaiiod  facw."— J/imu>V"ifAM  Timt*. 


*■  Thu  ihirar)'  li  orRalnlr  *ti»»B  to  b«  a  plaiuiblo 
ona:  Bod  ovgry  rtndcT,  wbcithor  ha  b*  ranrinotd 


or  not,  oaii  not  but  \tt  iulcrtstiK),  imtriMlad,  i 
Ml  to  thiulcbig."— Xoarrf  laj  Clinic 


OAB1IAN7.  Operative  Surgery  on  the  Cadaver.  By  Jaspkb 
Jkwett  Gakmam,  a.  M..  M_  D.,  K.  K.  C.  S..  AtU'inliny  Surgeon  lo  Out- 
door Poor  UiapenBary  of  Bi-llcvue  Hoitpital ;  VUiting  Surgfon  t"  Ninrty- 
ninth  Street  Koce|>i;ioii  Uottpital ;  M«mbcr  of  thv  Briiiith  Mt'iliital  Amo- 
ciation,  ('If.  Stnall  Bva  180  |)agt«.  With  Two  Coloiivl  Diftf^ms 
■howing  lh«  Collateral  Ciroulation  after  Ligatures  of  Arteries  of  Arm, 
Abilomen,  and  Lower  Kxtrcmity.     Cloth,  <2.00. 


"To  the  mjn  odTiUioed  atudi-nt  who  bai  tbo 
oltunlty  ')f  npontloic  <in  the  islamr,  t)il*  work 
1  b«  of  erfat  Taluf,  ainw  tl  [aIuit*  t"  h  ■iih.'ni 
.  » procadnni  of  oidinari'  aunni'Bl  opFnll'iii^  To 
llie  pnttliloucr  >l  vUt  be  rnliuililfl  lu  a  wnrk  of 
•MT  ro(broni>i>  u  tu  Iho  bat  mctlioilt  '-f  openktiaa. 
In  Bol,  it  abould  havo  Iwan  luiin  il  u  nunaal  of 
(Urpial  oprrationa.  The  in^ilnn'trin-  (Iron  ara 
lUI.  r«  Tory  plain  unit  commi',  nod  vv  prwiiot  for 
It  ■  »Uo  drcn)atlon.->~/koWo  JItJiott  IfonlUf. 

**.  .  .  In  ita  Bvoaaarilr  lliallcd  icopo  II  1* 
above  eritii>i«m.  .  .  ■  l>id"n,l.  tlioru  ia  nutMn;; 
•unerBuaiti  in  tlw  bocik.und  tl»'  I'lwy  priirtilVinrl, 
voO  mu>l  dir  mora  ^^r  Inu  vuratry,  ir4)uld  Brid  it  a 
veij  oMiftil  miuiiul  r>r  fhunont  rchranoD-"— Jf«rf<- 
<of  fltu  i>f  Watnt  .Vmi  >W*. 

"...  Fur  thu  •tudunc  in  thu  duod-moin,  or 
th«  buy  o|ienktlnji  iiir^Mti,  ibi*  book  i>  one  of 


an  obacura  iihrau  nan  lla  pofftt.  .  .  ."-Si» 
SnfhHd  Ittlimt  Oavtit. 

" ...  Ha  ipuoo  ti  wiKlcd,  Diibcr  bf  vnnl*  «( 
lir  Uliutratiniu,  >  rurt  ohli'h  wu  b«1ie<rv  cnillf 
«nhiuico>   it*   valiir-  ii>r  Ihi'  earnest  (tudcnt."— 

"...  Alt  Ibr  ordinuj  opentiona  pnolicod  in 
mirgtTf  arc  dneribcd  in  a  condu  and  vluar  tnan- 
nrr,  many  o(  tliu  laiur  proctilumi  Sndinx  a  pLm 
which  an;  n'll  iiiuirpJrMvd  In  laruvr  Horka  on 
M^ilfi'ty  iitn>vly  litl'ora  the  public.  Tha  book  Kill 
pFov*  lo  br  ■  irivnt  oonTonienci  in  the  [■Favlitlonar 
ui  actir*  work.  M  vdII  ai  i'>l)ri!*iiiilciu  In  thailia- 
■iwttDx-raoiii."—  WtMjt  ifcJi^l  Kmrw, 

'■Tbii  book  conliiln*  a  timpic  imd  clear  iIbIo- 
moot  cf  llie  way  !□  oblob  a  tanto  number  of  oiierB- 


the  lUMt  nliflblo  and  liandy  work*  wo  ba»o  bvot  tioiu  ani  to  1m  fwrfarnuKl  on  thu  (adamr,  and  oui 

■MO,"— Aadbira  CliitiA  b«  rcoommoadid  lo  tbo  uw  of  iraohon  and  ilndenM 

.-  ,  .   ,  'wiUiialmportanlninafBaiinrifHltduvatloii.  .  .  ." 

•'  P<«-roonaiD  •unw  miw  «l«ay.  proodo  In-  —M*HMt«»>t8iryi,at  Baart*. 
lallS^t  and  miooMWuI  auntorv.    N"  mure  aiwpt-  ^ 

Bblowaaeful  riiido  in  ibif  fonn  nf  tttirinrntaal         *■  Il  ii Wall  lilted  10  ba  a  iKi-ba«fe  fcrtlo-uoa 

tMi'hinij  imnld  bu  il«i[i>d  rhiiii  tlw  ulnirnMe  lltlla  On  np«raliTu  aui^ry.  .  ■  .  Aa  a  mullial  it  ii  ea- 

':  bcTareiu.    Kotflauperlluouiipliivc  ucdnot  mUodi."— JMMi4^i*i  Mtllcit  Tiiua. 


I 


2(1 


2).  APPIETON  S  CO:a  niUSTRATEIi 


QEBSTBB.    The  Bules  of  Aseptic  and  Antiseptic  Surgery. 

Pmolicol  IVeatiw  Tor  tlic  Ut»  of  :^tadeoU  and  th«  Ueoeral  FrucutioD«r,1 
By  Abpar  G.  Gerstkr.  M.  I),,  rrofe«sop  of  Surgery  at  ibe  Ni-w  YcrH 
P<ilyclini«  ;  VisUintf  Siirgvon  In  the  Geriaan  Ifoapiial  and  to  Muiiiit  Sinuj 
IIovf>it.tl,  N«w  York.  Bvo.  lUuniratf^d  with  Tnu  Hundrttl  and  Forty-] 
eight  Fini'  Eiigrnvingn.     Ctoih,  »3.y0  ;  *hwp,  >6.00. 


■*  Hcwrh  I).  AppUcoii  A  Ox  liivn  mnlF  or 
i]»Tiir  i-rMlunal  w  (Utkiatlf  jplctiutune  Mvl  ai- 
trw^v  ■  iriirk  upxa  uij  mDillol  mM«M  u  iliU 
bNat  ociQinbutiiii  v>  tli«  nf«*Uu>D  nr  ilia  prfiivi' 

61a  ur  u»[«u  mil  uitiMpMi  in  tbilr  lurv'iK 
llMntilitf  npfilicatiolu  ba  aQrvDl7.  It  u  tiut 
■wcvMiry  to  a|«ii  tba  vaIiuuo  and  tum  mer  a  Ie>r 
HCH loMcama Uiornajtlily  and dvvplf  iMonaicd. 
EMh  Mop  or  numr  of  tha  lunal  impiituil  apnu- 
Ijon*  of  luoJijrn  tiir^nr  ii  rvpmdijot^  in  lUrlikv 
Kirni  ttiroutth  ttiu  mudlDm  or  phuiat) |x)Kr%|>h}', 
vhioh  ia  cnliaiicnl  Id  cttnot  by  itm  1  iitkiiUIu)  Ijrpe 
•nd  F*^r  nhiob  ha**  I>M'u  *(>ki«tvJ  ■■•  nudia  lor 
tbo  pmdwtioii  of  Um  1110*1  pffMivc  utluio  naolla. 


Tolfai*  lui  uiBild  tliat  tbo  otdoct  of  Ibf  volonwia' 
fl  •TiU'DUiElf  Jet  pnuubMl  jirnKtiliitlon  iif  lb*  lj*> 
urun  |>rkift|i]i>,  wliioli  )u>  rovDluiiocUvJ  •nrneij' 
williiii  tlia  likrt  ttllivii  yran.  .  .       >■  ■    -    -  irj;«Hi, 
Intcimtcd  in  llie  nuKl  aJviinonl  <<  :  (-itd- 

nra  or  Uic  dii}r.  ii«win{iuiiird  villi  -    -ctaB- 

tLDo  f<nvauu<w«r>'  awiiilc  oiul  iititi-c|iiiL  iuta«iu» 
of  coiiHjrvittln  nir^cM^,  ■Jii>ulil  i  jw  (Ma  bean- 
tifUl  Mill  lliutnigili  Murk  c-(  Dr.  Umlcr,  It  Ikhm 
Ihu  MaiDp  All  viuty  i-uv  of  Kcamsenll-jni  (iirylad 
knovlcd^  and  >ki!l,  tiudcr  rt^vd  far  ilic  pitxst'* 
taSny,  Olid  a  Iruu,  mikulv  lunau  oTIlii;  diitiiv  of  tha 
upontur."— CbMiy<  umf  C'lialoi'  Knonl. 


n 


SraruDi  op  ItLsnunoK. 


"  JuM  (Bill  bmks  M I 
ur  bmln]   lo  cip«aEiil 
f-riaeifli*  of  aMp*l*,   wll 
dtinon^icniiingr   i>>f 

hv  wbifh  il  oil}'  liv  I 

The  fi'miir    rin-nlii    In 
«iKi  :  bI:I>-Ii  Ur. 

JoMitii  .'imltbcn; 

(tic   Lu..  1 liHAKod,  MM 

1  r»>iiiMy   ulll  vlimifc  Vi  tin 

I'ThI  of  UIDU^ 

■'  li  it  a  •lltBniU  OMlMr  (• 
ilcrd  ui/thlaH  In   iJiU  auit- 


"If  B»or 
tb«n  wia  n 
tinwir  bonk 
WritlOD  Ulla 
ia  IL  .    .   . 

W*  nml  My  iKitliEnn  mom  of  thlc 
voluToo  than  we  hnre  alnadr  aild 
to  anum  our  nadon  tlial  it  la  one 
{■r mmoi'lubto  vmIuo.    If  ithanits 

Soalanvwliorcwvure  not  •wnre 
!t.  If  nnTtluDv'  u  ciH>dad  (o  ninko  iliv  author^ 
(•putB^on.  tbia  bw.k  will  do  II,  n*  it  will  moat 
■iir«1)'  And  lt«  «iiv  into  cvwr  town,  rillacv.  niiil 
bamlcl  In  imr  Imiad  land.  .  .  ."—Xortii  CjnJina 
MiJitat  Joartal. 

**  Tliii  il  o>  btnuijfal  n  apoclmtn  of  iho  book- 
mokw'B  artiu  m  liave  i«cn.  ■  .  .  Thoboautyand 
abiiodannt  of  tlm  illua(nitli<ni>— wlijoh  btb  jihnlo- 
graphs  (akrii  diiriiii;  oi-jrutlou — odd  imaily  tn  iho 
rvnclltal  viitiM<  of  thv  tvork.  In  n  vir'l.  ll  In  a 
biJok  whi<4i  uvory  (ibywdBn  wlio  dm*  imy  aumnd 
work  ouicht  to  have."— AdTriJo  JMiMi  and  Svr- 


Iiiflcpiil  bMk  that  n>ay  be  ailrcncjy 
(<iiti«i*«l.  Evts  «bu  may  at  llcU 
Hvni  la  bo  faulu  'Hirti  aa  raoool- 
ini-ndinic  tbv  indalnn  at  an  carl; 
diile  "f  all  plileamoM^  and  ailvu- 
rutin  IT  the  ctbniMtloii  oTdllihttiBrl'la 
patient*  uid  drMrajiDK  tho  caiada- 
tloD  with  tlio  aMoo)  twafif},  tla 
luiiK  or  a  Ibw  yoam  mity  dcmniMtnti!  tn  b«  ttattOl 
jiractlnu  iiirm  tn  the  worid  la  admica  tt  tholr 


waf  tholr  ^y 

avxpoDOM^H 
I  Wf^Ea  t>^H 

m  m^tA  ■■!■  ' 


**  Tho  book  la  on  hon««t  and  vicnraaa  i 
of  tlio  dootifnu*  and  prattinl  detaik  of  i 
tatgerr,  and.  unlik*  Wo  man*  tandem  _.,_ 

mi-dii-lric.  !>  tlrikingly  orlgbial  la  iIm^  a«id  i 

rutioii.  The  IDunnitleiui.  nf  whitb  iktn  aio  !■« 
hcindnd  and  RIlT-ono.  ennatilntt  a  ttnrt]  Katanta 
bouk-tnohlD^.  Tlii'V  BJv  in  niir-t  iiiftanCM  a  »■ 
I'rwIui.'tJuD  if  pboionspbiD  il<**  tit  tlm  tiilW 
anil  bi*  uuittanlB  al  wnrh  bi  tbe  a>iy)(al  ciiRi& 
Tliay  an  adminbly  emeiiMd,  md,  wbllo  MnW 
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iil(i«|fit»    dStOlM,  wnandi.  tho    nutVir". 

uacrjuriuin,  mDay  of  tli.m  omilil  make 
..ilkiK  anidiu*  br  tlis  rtnllttw  utiM,  .Vi 
(perisMtt  of  ttip  bxuk-Bukcr'i  art  tliu 
Mlum*  I*  nniuMteljr  bcaulihil."— JinMiiMit 
PraitUiiUur  >i»it  Stvi. 

"...  The  book  may  bo  uviDtil  a  tmtt** 
on  oj-cnll*D  >urui<.T>]  iiliynaloiijr  mjJ  m. 
ii>"l(ijy,  i(  Vhvn  It  an  ooiitradioilon  in  iVln 
C'i<iit'>u»li'<n  «f  wonlii.  Or,  ll  nmy  bu  *uid 
Uiit  Itig  tMiik  la  a  •rrto*  uf  illuslnlifc  acr- 
iD'idi  >)!■  Uio  leu,  y*iU  «iiy«ii*(  Odl  rfc- 
(frnijui  ri(/ar«  of  A  /raA  wvtnj,  aiul  iU 
i^ifniioti    DAtf    t¥HHuitiiHt   «M   rfw   to   Am 

>  ■  . "— AaPWf  e^   tir    .intrrican    M'dioil 

"The  tille  of  thla  mftimlficMil  bnnk  Ei'-<"> 
BO  adniualc  Idea  or  il-  onntnntf.  .  .  ,  'I'hu 
BMthiMU  of  opinlinji  srg  IhoM  inmi  a|>|iriivcil 
hy  tb«  b««  •iinc'iM  living,  anJ  an>  dnu-ribvil 
Ib  ■  thoroughly  lodd  oiuinur.  ...  It  i*  iio 
Mull  ■diHtion  to  i^  Taluu  i/f  the  loxl  of  Or. 
0«nrt«r'a  book  thai  tt>»  llluBirati«Da  or  ll  ara 
of  a  ««T  hlgk  onlor  of  eiMlloDoa.  .  .  .  Th« 
»ort  of  tbw  puhlUhsra,  hi  invparitii:  IJiU 
book.  It  aa  mdlublo  10  Uiein  a*  ia  that  of 
tlie  aotbor  to  him,  .  .  .  anj  «u  earn  anil  ito 
Kcoiumtdd  it  <r«ry  alronflly  to  our  rcmtsiv,  as 
v«  fnl  thai  it  ia  a  book  ahbh  oD«hl  to  bo  in 
lb*  hanibof  tvery  nraoCUiw  •niwoD."— JMuW 


AniTitn  nr  luBiraiTifiK. 


Thto  work  Mua  -aifty 


"  Till*  I*  an  «lo- 
innt  •rori,  nJ  •• 
taliul'l*  m  ll  11 
l-niiitltul.  ITnAMtr 
illwlnlod.  fulDteJ 
(Wim  laiio,  olaar 
<JT*  on  WMllant 
(sltdiletvd  t*\f, 
■n<l  <«nnitly  «4llod. 
iqi  to  tit*  proatot  mo- 


9runap  or  luL^vrxAnaB' 


FROSS.     A  Practical  TreatlM  on  Tumors  of  the  Mammary 

Oland :    pmhracing  their  IIistolo}(y,  Pal)iol'));y,   IlingnosiH,  nnil    Trent- 

mcni.     By  .Sdii-el  W.  Unnss,  A.  M.,  M.  ]).,  Surgeon  to,  ati<l  I>Hrliircr  on 

Ctitilcnl  Surgery  in,  the  Jeff*rtion  Medkal  Collejco  HtMpital  and  tli»  Fliilft- 

delpbin  IIo«[iiliil,  etc.     In  ono  liaDtlsomc  8va  vol.  of  S40  pagtn.     With  "iV 

IlInstraliofM^    Cloth,  (3  20. 

-WokiNrtivf  nobook 
Id  Um  SnuUah  luwMira 
wbMi  aHniqiU  lo  Mtw  iGc 
cmoBd  aovamd  by  ilib  t 

-4lldard,  Iba  author  ■■ 
to  U  ll<c  Am  aha  _ 
aouvkl  l«  lianiCf  tbc  oImI* 
aal  JMt  oT  ■Moimary  IwiMN* 
la  onu  ■ywaaile  IwUta 
Uo*  b«  baa  imnMdid  alll 
tax  Im Man  bra  (tol; Dt 
the  look  kMlf.  latWawly 
dkaian*  Um  clsHlBoatlnn 
and  rclatJvi  fti^iiuuor  or 
III*  nrioua  tamorK  tWr 
•■nloitna  MuJ  iwnBimi* 
U>M,  and  UiiXr  ■th>(M«, 
•niUUaU:  UmTA 
daa  la  iludM  Hi  a  annla 
ttmf*n.  In  ohlob  the  fi>- 
auU  or  IIm  aulliiir'*  untk  k 
ffanp«Rd  alth  Itut  or 
athna,  a«d  III*  HaHctalaMt- 
dnakau  ara  iIimwb  vhtah 
ylir  In  ().!'  )>t'l  lU  iinat 
praMlrrfnUa;  fliaiRy,  ■  <■ 

MTfiMla.  on*  M  trvatiUMil.  '  '• 

l£*   mamaMry  bU»J  oI    I'l-   >■»•■     —A...   j-rl 
MMmI  J~mr^t. 

■*  Attoochrt.  tha  work  ta  t«*  nf  «r«*  Ikab 
•RikHn  Utlaraat  In  ih>  ■urrann.  cynMnbisM,  1 
-»— "—  "—thtrril  Lfot. 


OBHUtud  U  ■  Mnm*  if  HladU  nth.  wanairH  '«Ml'  a*  of  oHA  v* 


10  iM  n(ta  < 

>'Tbi<  '>-»ki*a(wl  coaMbotlnn  Movr  f«aAa> 
alnnal  lit' mar*:  lad  ■!  man'i  frauiaa^oaM  «hl>h 
BOiiiBMfc  awr  ray  i*.  Th»  f Im  la  »*t*  ay^iwarta 
•Bd  iiiitlm.  Mf  Ow  •tn>lrD<  0*  rnarlMean  allka 
«{II  Hiwl  •naclj  Dm  InftfBMhN  ha  ■■!»  ai-nn  any 
«f  Ih*  lUMaaaa  «lil>A  anr  loridnit  M  iha 


>«ib* 


4 
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phrirt-n.- 
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2>.  AFPLETOH  4  CO:S  lltrStnATBD 


G-UTMANN'.     The  Watering-Places  and  Mineral   Springs  of 

Oennany,  Austria,  and  Switzerland.     Willi  Notn  oii  flinuiii* 

RfKiirtH  anil  CoDHumption,  SsiiitariiimiK  Pi-sl.  Mud,  and  SnnJ  Bitib*,  WW^ 

xa>\  (}ra)>u  Cures,  etc.    Uy  Et>n'A»t>  Gl'tmann,  M.  O.    Willi  Illnstnttinns, 

Coinparnlivo  Tables,  ami  a  Colored  Ma[»,  explaining  the  f?ituation  aitj 

Cbcminil  Cuni[io«itiMii  of  tho  t>|iaa.     1'-2mo.     Clotb,  %2.S0, 

**Dr.   GlitiniiitD    Wi    (nmj'ilnl   nn   vimIIciiI  ml  «Mil<»ltluna,  vUh  rlin  UienpcutUal  ttppU 

MMUcsI  rul>l«,  Bbifli  (Ivm  tall  iufomulinii  oo  lion*  of  iJu-  tninvral  anian,  an  t*ry  tliarnW|)j 

Iho  maniwn  uul  niiUnw  of  tJTintt   U   all  itic  prucnttil   iu   ;«f«nu  pirU  of  Ihc  voluon?'- 

pfnri|i«J  waurUie-plBM*  In  KBroi>^    The  dicml-  AVir  V^-rk  Timm. 


HAMMOND.  Clinical  Lesturee  on  Diseases  of  the  Nenroos  S] 

tem.  DclivoPed  at  the  ikilovae  llonpil.'il  .Mi-iiical  ColK'jjv.  By  Wiij 
lAii  A.  IIauuosd,  M.  I>.,  Profeasor  of  Discusi-s  of  tin-  Miml  ;tti<t  Xtrvon 
SyMtm,  clc  Edited,  with  Not«s  by  T.  M.  B.  Cross.  M.  l>.,  Assielaitt  W 
tli«  Chairs  of  Dixt^asi-a  of  t)if  ^lintl  aiid  Nervous  Systoto,  etc  Iti  one 
hand-inmi-  Tohinii-  of  'tOI)  jiifi^oiu     (3.50. 

Thtv  lc<:turp>  lisvi'  Iw^ti  rT[;nr<'"l  in  rull.aiiJ,  intfi-lbiT  ii'ilti  llip  liiMorita  af  IbotMOswUcb  mwt 
picpund  lir  iho  cilhnr  ntrvr  iinvful  sIiiJ;  kud  nraloturd  •  >bMrtalioii,  cDiutiUM  a  <liniotl  iWloilM 
wliCch.  ii!ilfc^  li  il'Ks  a»t  ,1&liii  ^'<  be  uliiiiiaiU*.  hIII  Duvt-nhulnn  U'  Kiuud  (a  coaulii  oiiny  uT  Un  MON 
ifn|>"naRt  aJTi'i-liiiiio  <■(  th«  kiiHl  thill  at<i  Miiiimonly  iiiM  witb  In  pnitlw. 

A>  Uivw  UvtHiva  'Ai>n'  ii>t*nH(til  ■•-|>«ai»Uj  Kf  IliO  twiipflt  of  MudoiiU,  tlic  DUIbor  has  rMi&at>l  liiin- 
•rtr  111  H  full  rorHiilvtiilioa  i-l  \Uv  *t  iii|>to>ntL.  (bUkv,  bihI  tiuaLuiuiit  ol  wqU  BlTntiini,  uitliuut  anaiii|«lii( 
10  TMer  lata  tiie  patholoQr  or  morUd  aoeloiaj. 


HAMMOND.     A  Treatise  on  Insanity,  in  its  Mvdiual  Ko)iition>.    Bj 
Wii.i.i.iM  A.  II,vMiiiist>,  M.  !>.,  JSiirgeoii'livturnl  U.S.  Army  (retired  list) 
Pni1i''i(ir  'if  Dis^'.iscH  of  the  Mind  a»d  Ncrvoiw  Sy>rt<ini  in  tlip  New  Vor 
Po«l-GradiMte  Medical  School  ;    President  of  the  Amoriean  Neurological 
A«uociaiion,  cte.     8vo.     707  pages.     Clolh,  15.00;  nbeep,  pi.OO. 

Ill  tliUw^Hi  ilir  iiiitlior  hail n<it  onlv oontliicT^  UiBtubJutt  nl'  Inttuiitv.bnihin  pretind  thatdirWIaii 
of  I>1>  inirh  H'iili  n  ,tvni-nl  liuu'  <f  Ihv  mind  Hiid  lliu  i^viitul  uitvitonm  of  mirnuf  ItiiM^lig*,  and  a  '  ~ 
acixuni  ol'iliL-  vsnoun'suiKthulvxptviMi  an  iiifluonw  over  mental  dmnfimistit,  ntdi  a*babll,a|tOi 
brnxlUaiv  t<.-n(li)Dc|,paDiiliut>oD.  (eiDpcnuDcm,  Inttliict.  tlnp,  dnvnir,  and  niaoy  tthtr  Hetnn^ 

Ilunnlt^,  It  b  btllovail,  !■  In  l.'ilii  lotunie  brtfUxbt  bef>Tu  iho  rtoder  In  mi  uriifiiinl  innnocc,  un\ 
a  dBiTOO  of  tliofoui^iniw*  M'bii.-li  (un  nM  tnil  Iwul  to  itn|>^KHUt  n-xiilln  m  lli<?  ■•.ni\;  tl  jvtt-hnli 
inildirino.  Tlin*a  Ihriiwwhbli  hnvv  'inly  bei?n  inadlnlalli  nllndiyl  tr.ni  pnlinly  di^n'nnlcd  in  iIk  . 
hoo\f  hltIii>rlo  {>i]br.<h(y]  arc  hcru  itionn  to  br  rif  the  cnnlvtt  itili'mt  to  Uie  i^urml  i-motlliwict 
^tlIdc[l1  III'  mi'itidt  lolFncc.  tiiitli  dram  a  noriniil  uid  abnqnniil  iitand-i>:'lnl~  T«  a  srtai  rtiuii  tb*  «' 
Nlalw  lo  iboH  (jicvlei  of  mmtal  dtirnnitaiiirnt  wlilcli  sr«  n'-t  h«ii  «i(l>Ia  B>]rliini  wnll<,  and  whidC' 
llianfbrc,  untot  HJHviAl  Inipartiaii'D  tn  Uiiy  n'Hi'Uivlurn  plnvBi'-trul,  llonfovcf.  il  j.Otilii  oat  tlie  ■yn>^ 
Uni*  of  Inoaniti  In  it*  (Irat  «I.it.i*,  <1(ii1d)(  whjoh  ttipir  w  ninT  lio|ii>  a(  (iiiicwfut  medical  UralsMt, 
Btul  boforo  UiD  UM  ol'  Ml  Di^'Iuiu  lia*  ocvumid  lo  clio  (utlDnV*  tHocd*. 


"  Wc  ImIIovs  ««  mav  talrU-  aHj  thol  llio  mluinn 
i*  II  anundaiiJ  prodMil'tninliw  nil  Ihc  «ubjiH>t  with 
wliicti  it  Orals:  i?"ncjiins  ■  ercui  dcikl  of  laltirniallon 
«inifu1l;F  H>1«iDil  aiid  (lut  ti:<<ihur  Id  ■  ^luMinC 
and  mtdnblc  tbru;  And,  iiiniLiinTiri^.  iji  tl  A"<r-. 
froTii  in  author  wboae  pravimis  wniiia  iiuvr  mn 
*Ub  B  uiuat '^•orn'ilD  iHsptlon. fill,  vd  huia  littla 
doubt,  obtain  n  nUu  cln.-uUtI(>li."— STA*  DMim 
JoHfiiai  Iff  Ut  lit*l  Sti'MBi- 

■'.  .  ,  Thn  tinioa  bid  tim  fi>r  a  twvr  wnik  on 
inMnitr.aiid  Dr.  Ilainmond^iimat  work  "ill  wrvo 
liornftiirtoniiirliBncniinlliohUutryoi  Amcrli-an 
p*}^«hliiti7.  it  'bould  be  in  (he  hand*  nf  svaty 
fbyitian  who  irUlic*  in  lioi*  an  uudnwuiulituc  ol 
111*  ptawot  (tatiii  of  thl*  ihIvudoIcii;  •civnor.  Who 
bo^ii  10  mad  It  will  need  no  urjiiig  U>  contiriuc: 
bo  will  be  cantoil  nlonn  irnulrtiblr.  W^-  unlie>|. 
wllnifl.v  iinmoiiniw  K  ai»  of  Uio  bwl  w-rlu  on  in- 
■utliy  vhigh  ha*  vol  appeand  tn  the  l'>igllii)i 
Ungual*."— Jm.  Jininuit  <^  tit  3/tMatl  Seinem. 


"Dr.  lUtniBood  la  a  bold  and  trrnof  vrttar, 
li«*  j^rm  math  riudy  to  hk  vubjcM.  nnd  cijirMsea 
bimaolf  ■»  M  (o  b«  nDdrrMaad  br  ilir  nuder,  pvmi 
If  Iho  latter  doca  not  oilocide  n-Ith  iihn.  Wo  Kk* 
tlio  bonk  vm-  iniirl^  and  ■viniu'lrr  it  a  valiutj* 
addition  lo  tlif  lilTTitiim  of  !ii-ai>ily.  We  haTfPO 
lip-iCAnoy  in  (^>mnu'nilini.-  Ibu  book  to  lb*  undlial 

SiufBBlon.  Bi*  It  If  to  ihcm  it  tf  i^tditOj  ti- 
(W"Od."—  I'Hirapiutir  t,'/itta^ 

"Dr.  ttauiinond  hn*  odd(>l  another OTMt  awtk 
to  Iho  tniiit  lilt  a(  valiublv  pnhlioitlaiia  whiab 
have  [ilii«ed  bim  atnooif  Cba  fiwaut  tivanfet!b*» 
and  ailcnbUof  Ainurwai  and  ■<  ptviUit  ttv Sria 
VAlums  iho  hapm'  foilnna  of  It*  iiinlimnnia  a 
Tupid  jounif)'  ihtoiiffb  paving  editioiia.  Wo  an 
aorrr  that  our  nmit*  will  not  lafiolt  of  aa  anal]^ 
of  (h>  work,  tbo  beat  loit.lMKik  <ni  Uuanil;  tbil 
ha*  jci  appoanid." — Tit  /MyaU«k(. 


"Wear*  raodj  lo  w«l««n)c  tb*  praant  i. .-_ _- 
01  Um  noat  Indd,  «aiiifn6«anT«,  ud  ptactied 
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•■pMitlon  on  InMaUy  Uini  hiwlw^  Ihih-I  iniliW 
ixnintnr  bjr au  AinonaiD  . '  i   nit'iim 

h  b  tna  oiaat  fi»1ni'nJ> ' 

bs  p1a«d  «  ptBMtit  in  '  '  .  I,,.    -III. 1'  lit 

uliinl!tol«il  in  piyi'liinlfv.  I  h.  i  ■■  l  iii  mu- 
UiiM>l  wltbln  lu  iMffai  t<  a  l<>"  I  :ii  r  i/lily  \Tr- 
poivd  &r  mmlaT  (Itjf^ll'in: '^<'^ 'Ik  M't  •  'Uttirm^rrtJi 
Uufi  ■thnnJaftt  the  ap|>viiLij  f**'  Imt^^'i^.  u»J  xub- 
WMItlril  Id  Uid  morn  uilij  nli-iiionlA  litnt  oiiwcva 
nnd  rtnnirthen  the  UHaTlept."  -.VcD  Orttani  Mnii- 

"Tllia  ia  the  fint  •T»lfini>tic  ntt«-nTl,  w*  li«- 
lloTo,  tA  doerlbe  iJl  the  tiiri>>iii  rVirma  nf  aiwIiMl 
inMDliy  by  thelt  cllnlinl  futiiiri^  and  ihe  work  i> 
dw(ia«J  tu  nuk  Air  ahova  llin  rcw  maliaoi  ibal 
■re  alnkt>  [coo^-iiIbkI  >a  autlwittlvt  aa  ilio  *nb- 


|k4.    Ib  tho  Donaiikratinn  af  Inutilty  avrrj  author 

1  --  lU.iwii  |ui.'tBMU(iatlaii:  but  r>r.  tJaotniond'a, 

.'  iiiwil  iti'iit  dtnioal  auniratloilDuai  it  more 

■  ■■iiHiii  1'',  murr  philoaophioal,  and  loo  complsx 
ih^n  iUij  that  nv  reinoinbgr  to  Iibt*  mkIi.  Tho 
Icotl  iTB  can  lay  u,  uiat.  altbtiuih  hd  dlCrr  Rtnu 
thu  author  in  i-iiiii.'  Af  hU  obiirri>iK-«i»,  m  iknl; 
bti'v  til'-  jiiiviliyii  (A  rtuit  n  Irooh  rcmUiniiV  to 
murh  >iri:imBllli  imtl  iriiinil  »>  lattlns  a  uttittiii^ 
tian  at  tfaii.  »o  porAratlx  aatntal  in  the  aiyla  of 
comwatiloD  that  oiiit  fl'*)*  a*  if  hi<  wt-n  tvadinit  ■ 
Kwc&iatlnit  iwjt«I  ln*l<iad  nf  a  fnodiral  limllar.BDil 
llu  wln.lo  hunk  will  irituiwl  liOl  f-nly  llic  nan. 
invliral  rcikl^r,  bul  itlao  thii  utli.-nl>i  anU  vaiiirrat 
pnetiiioiior.''— /afirn-i/iDua'  AMtv  ^  iltJieal 
aitd  Si"vit»t  Tttiniir. 


Mpbcivu  or  iLteanunoir. 


EAMHOND.  A  Treatlss  on  the  DiseaBes  of  the  Nervous  Sys- 
tem. ISy  William  A.  IIammumi,  M.  I>.,  Stir^c-on-Genoral  I".  S.  Army 
{rclirciJ  list);  Prof*=sor  of  Diseases  of  the  Miml  ami  Nirvotm  Synlim 
in  ibe  New  York  I'ost-tiruJuate  Medical  School  aud  Ilofpitiil ;  ^Ifnibcr 
of  the  Americ-aD  Neurological  M^ociation  nnd  of  tlio  Nrw  York  Xcii- 
rolugind  S'lcktiy  ;  of  the  New  York  County  Mt-dii-nl  Society,  etc.  With 
113  llloi'tnttion.*.  Eighth  editinp  voviwd,  corrti-lpd,  and  enlarged  by  the 
Addition  of  s  New  Seeiion  on  Certain  Obscure  Nervous  Diseues.  Bvo. 
IMS  pages.     Clolh,  tS-OO  :  shoep,  «6.00. 

Thp  wdrli  han  nwrivpil  thn  honor  "f  a  Firnoh  cniiMlatlnn  bv  Dr.  Labgillc-Ijurave,  of  Pari*,  and  tn 
Italian  tnnalitlon,  bj  yiutvtMT  Diadaw  8an»lll,  of  lli«  Kojral  Uiiii-trBl;,  liaa  gatui  tbioufh  Ino  prtM 
at  Nuploa. 

■*  In  tJiB  BiicUhiM  &ltli  tha  alaht 
ealMorpurilyandMaribiil  u:  1. 
Comsl  idoaa;  l^i)on«cl  thnuiihla; 
3.  OornctwoMa:  4.  CartMl  itotkt; 
6.  CopTtol  lift;  t.  (Torrwt  cnd«eT- 
urn;  T.  Comvt  iiKlirniunt :  and  ti. 
Comet  lran<iui(1il/.  If  Or.  Ilam- 
mond  hot  nil  att^nod  tha  tDcdical 
nlrrana,  anil  poaiod  thMe  tlebX 
ltBt»  of  nurit;,  lio  hu  at  liaat 
rtalio'd  dw  Rudithbl  Iwatiluda: 
*  Mnoh  Id  right  and  oduralion. 
■oir<an(n>l  aod  ploMor.!  cjamh; 
and  whalavar  vonl  )-r  w*11  tpikcn. 
tti'i.  <•  the  rmlaat  hloviuu,'  At 
IraM.  Iha  llwUKhla  aod  titieniicea 
oT  Dr.  tbauiwh']  bar*  bctn  p>  ad- 
proclalad  by  Iho  medical  btnlWIon 
of  Ainsrlca  and  Kii;[lan'l  thai  tlu 
WTk  liM  alrmdv  [ouod  Ihrouitb 
•i^l  nUiitm*  siiior  U>  flni  ap- 
mannoo  ka  ISTI.  .\a  aov  rariKil 
m  tho  author  and  piibl'iabnl  tiy 
ilia  ApptMona,  it  cniHtitutea  dr- 
ililHJlf  tho  tat  worti  in  Uia  Ei><- 
liah  laujtuxe  npon  dWami  of  Ibo 
ipivaut    tyiUw"  —  JtMtat   CUf 

•'  Thin  cicelknt  trork  lia*  now 
bnin  lill«n  jtan  brfopg  tha  pm. 
ftMlnn.  >(•  po|)u1arily  \irine  •■fit 
etraUf  *>'><lrai(«d  hv  the  (mn  ihal  ti 
haa  nnidly  paucd  through  alotrt 
•ditioML"  — CbOw  mJ  Ciitint 
Ann/. 

"  TUa  tvhnni  haa  been  tMrivvl  \ij  the  wMfci- 
doa  *  to  n  citint  bnronil  that  ever  clTi>ti  in  anj 
other  w«*ll  of  Ilio  mom  ■»!  obj«C9  puMUttnl  in 
any  pirt  cf  Ibe  worU.      The  franil  e-lition  o^n- 


tallM  a  wMlO)!  OD  'C«rtaIaObwsi«DUeaM*0f  1)m 
Norvoiw  OiHao).'  ia  ilinrouit|klr  revletd  Umafh- 
oM.  and  MTual  <fa«»*  bm*,  tJiaivb*  intraarfnt 
,n««l7  lb  imIUium:"— A«f.  JM.  ay  «w.  Jtwr. 


u 


D.  APPLKTOy  Jt  CO.-S  ntrSTRATED 


HARVEY.  First  Lines  of  Therapeutics  m  n»«<(l  on  the  MoHm 
ilio  t'roecmm  of  Heating,  m  occturing  spontaiKyously  >n  I>ucafio»  ;  and  \ 
llie  Modes  and  \\ns  Procease§of  Oving  a.4  rc^tultinc  iintiirilly  from  I>i« 
In  n  Series  of  Lectures,  By  Ai.examier  Harvey,  M.  A.,  M,  D..  Eb 
tiM  Profcuaor  of  3lnt«ria  Mcilira  in  the  University  of  AlH-r<IcL'n,  etc., 
\^xao.    278  pages.     C'lollh  «l.50. 


"  IT  ««lf  H  can  get  •  fiiir  Iioartnir  fc^ron  Uio 
|>rt>(iiHion  n  wllJ  Iw  IliD  au9*ti>  of  a'lllntf  Iti  tliu 
drvvlotoimil  "f  »  iht>n|«utiiM  nwr*  n<ii'>niiJ  ihun 
««  nnw  iltnun  r.t.  Ti>  cuvdioal  Mii'liiiiU  niul 
]inuit[<on«rr  '•(  nil  70it<  il  will  open  up  l<im  or 
thougbt  uitl  Invuti^iiaa  of  Uie  utmaft  uiomcut." 


'•  Wa  mn)'  mj  tlial,  ■•  a  ooMriliaUoe  U  I 

phniHoi>h>  H  mtdicfaM,  till*  inailar.  wUcfe  iMf 
!»•  iimAiAlilT  — ^  * ■* —  '-'- 


nvd  dumjc  odd  (DomMta  «r  W»' 
■(■[•P7  iiNtkair< 
tiiair  ir 


.    nvd  diunjc 
UIT.  llA>  •  lii>[<P7  DNtkoa  ef  itaWHtBot  khI  b  >•■ 

mcdom  fraoi  dogiMlwii.' '— JW 


ftwiiiaK 


}W 


HOFMANN  AND  XTLTZMANN.  AnalysU  of  the  TJrlae,  wiili 
t^tiecial  Ki.-ffn'nfii  to  ihi-  DiweaML-s  uf  the  Gt-nito-L'rinnry  Organs.  By  K. 
B.  HoKMANM,  Profriwor  in  the  University  of  Uratx,  and  R.  Ultzuaxx, 
I>oc<-nl  ill  ttic  Univcrxity  of  Vienna.  Tmni'laied  by  T.  Barton  Rki  xc 
A.  M.,  M.  !>.,  late  ProfcMor  of  ibv  Pmcticc  of  Medicino  in  the  Baltimofr 
Polyctinip  and  Post-Oradiialc  Medical  School,  etc,  and  II.  IIolbrook 
CiRris.  i*h.  M.,  M.  I>.,  Fellow  of  the  New  York  Aradcniy  of  Uedtrlue, 
etc.  Third  edition,  revised  stiJ  enlarged.  With  8  Lithographic  P 
8vo     310  |iagcA.     Cloth,  «2.00. 

They  hftvp  ilnno  th»Ir  wvk  mil,  and  En  ihh  *el- 
URiv  pmrnt  Ili«  |in>ltM9)<>ii  ulth  a  rnllablt,  [*w- 
tint  [look,  ^liinu  IbB  miMt  adfuicvil  idn*  a*  ta 
urinuliili  mill  cUunwU  nf  uriaai^  iravlito  la 
(<uii>l«  tvicui^.  which  do**  not  n^uirva  nMihii 
of  «utiin>]  uohnotogj  lo  iiniTfrTanil  "     tifattA 

'-In  the  OTtMnt  aililina  all  iinninriMn  maUcc 
bo*  Inm  flimiiiatlnl.  toA  llir  inuwlaton  ban  bi' 
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"  lloAiuiin  atiil  t'lli(niinn"iipnpal»r"'"rk  on  llio 
urine  nwilf  uultlivr  Frilici-m  nor  rcrciinnion<l>ilion 
lU  elAims  bare  bocD  «ub»tsnItjLti>il  in  iho  c^^i*  o' 
tliuuiondi  of  pliiilDiiiiia  Imth  In  l-:un>[>a  and 
Amnricn.  It  uiVit*  ihr  rtitirv  fl(<M  "f  <'liuni)iail 
am]  tn<(Vrn>nnpi<iiI  I'tuminiiliiu  oT  iitinr  m  fur  oa 
dlwnoatn  in  cunm-rncii.ffivluicipllcit  dlrtvtiODsaa 
to  •Jciail*  of  aianl|mliitluD." — ll-ihuuaa^Hvin. 

"  Po>Ma*cd  nr  tliia  bonk,  a  few  rea^miCii.  a  ini- 
amoopa  wiUi  elosaet  iiow«rftil  tnougti  to  miiiriiiiy 
two  or  ttine  bundtod  dlaowtar^  and  a  fov  u~>i. 
tnbtaanililklai.ilMraUDoaooilraiiiuinu'hj'ovory 
phynldan  ■liould  not  booooM  a  itnod  urinu-y  ana- 
lytV'—UMmil^  Vaatf  Mtdtmt  Mo-IU,. 

"For  llic  ercry-iltty  wniiM  of  lilt  practitioner, 
WD  kno^T  nf  n  ■  iniuiiial  nii  iiriilnrv  aiialyiU  ihiil 
niuali  Hn^iiniin  nml  rilduunir*  wiirk,  ,  .  .  Thn 
•vi'ind  cditinn  onmiiiix  ill  ihc  imfnrtanl  ndTnnoiv 
tliat  bavo  licva  nuule  ia  Iho  ciaiDlnallon  of  Ihc 
urittM7  MDMltiwiibt  diirinic  ilio  pa^i  ihrve  rKtm 
Ona  of  the  iiintt  imponani  MotioQn  of  tli«  work  1* 
lliat  dev«Iad  <u  an  acv''iui>t  nf  tlip  lui'^rnwopiml 
anil  cllnloal  alila  P>r  the  .liainoiiLi  «r  (he  illdbrsDi 
form*  nr  allnirnlburiti.  Thu  Imnnlulor*  ira  lo  Iw 
cunirmtalauicl  on  jim.liK'injc  ■  very  vlnr  anil  rvaJ 
al'ln  reiidorinjt  of  fin-  uriitinul  ''-^Caimdo  3fnUnil 
and  Stryital  Jouriuil. 

'•  TlK  ateonil  sditlon  ef  thi*  otaHilcal  work  on 
Ilio  urtne  Hilt  b«  wvloniDMl  a>  rontainiue  all  the 
lalmt  ailiMiMM  in  urfuair  analjiria.  All  unnrcen- 
aary  luutler  li»  twotl  cllniloattit,  add  tlie  chvni- 
liln  In  nniinplcB*  to  be  irithinlhe  ooinprebcrul.in 
of  all.  Thu  ln(»Ial»n>  hun  ua^b  b  fr*  udilltinii' 
wliicbalv  pmi'tii.'al  KQd  (bi<n;l<irau>rl\il."— ''nn<i>f<i 

"Thi»  ttiwk  liiM  I'ini!  lH(i.n  MunJard  sulhorlly 
But  iTii?  laid.  Bilx'AtK^o.  In  Ltrin'.ln^v  iiHV4-  nimie  ii 
Dcosaaary  for  ttae  AmeriMari  inirialatoi  pmotiealli 
to  bocoiiM  odlttiis  ot  a  Dtw  or  acwnd  tditioo, 


latt^^ 
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erii^niRiUil  all  that  hu  »■.•  nil;  bcon  adibd  M  our 
kni'»1ril|io  of  Ihe  tulijcci  Ibjc  will  bo  i,f  npfdal 
iniumit  lo  111!  iliideisl  cnii  prictili'inM.  A  vala- 
able  IcBtnrf  of  the  bmk  i>  tba  UIvumma^  wtBc4 
arc  vuiy  fins  Indcod."— AJtaau  JMia^  Jnntl. 

"dtudi-nt*  and  c<''ii<nil  pnutltiontn 
nn  bMivr  ixirkiRi*  irvidu  on  tlw  *»b(M> 
limn  Ihl*  atandald  n-ork.    The  puLIlAon 
il  in  a  hstidtoiiio  an-l  iIunMe  fonn.aiul  lb* 

Slato*  are  unnxiininiili  Ilirubcil  and  tmt." — . 
'nytaiid  JMttu'  Gtnitt. 

"  Thai  (hU  BDrk  1'  a  inlaiiblo  and  practlnU  OM 
\%  olttBiod  by  lu  nintiiiueil  |->|iulnrili'.  It  u  dm  a 
inera  oamplbtlon  of  lli"  uxrk  i-f  Mhcn.  tnit  cDU- 
tuJn-  th>>  mnlt.  rf  Mar*  "<  cnn'ol  naaarcfc.  Il 
iHiV"  ninny  deUll>  Ibat  f'l'.i  U  tnond  no>l  MfM 
1'^  .ludrnta  of  iiriiuiiv  lUKLUiiib  u  wtitl  oa  COironoRiI 
pniTlilrini-n.  Tim  lltIii-)(npblo  plolM  at  Uia  and 
HIT  vei>  iiiviinii'.  Tin-  bo^  maka  anonc  IW 
)i»l  ■>[  lit  kinil,  nnd  w«  nn  bnanllj 
iV—UfJiaol  Utotd. 

•■  TU>  <■  a  tnoilalUMi  of  a  worli  »«ll 
abMiul.    It  I*  iiilvmlnl  na  a  hnnil-l;>K>k  I 
lui'l    pn.'EiTionrr,  niul    wiiUin*    many 
•uKiMiiioDn  niril   i<'*'^i™l  bint*  bnili  aL 
nnalyiia  on<l  diuiruMU.    The  jirnrcatian  b  mitr 
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HOWE.  Emergenciee,  and  How  to  treat  Them.  Tli<-  Ktir>|..^*y, 
I'aihology,  and  IVeatmeut  uf  Aoi-idtrni«,  DiiirftM-ii,  iiml  OnHro  of  I'oUtin* 
in ^,  which  <]emaDd  Prompi  Aclioti.  Dc«igiM-4  fur  Studvnu  and  I'mni- 
tionerii  of  Mi-.iifiiii-.  By  Ji>ski-ii  W.  Howk,  M.  I>.,  Clink'*)  I*n»r<-sftor  uf 
Surgery  in  tin-  Mctlimil  IXjHu-tmunl  of  the  rnivcrsity  of  New  York.  elc.. 
otfi.     Foiirili  ediUoii,  reviMid.     Bvo.     ^05  paj^B.     CToth,  (iS.nO. 

*'Taihe  :,-riirnilpnk3titl<n«riitto«rn*,  vllkoei.     book  wa  toiv^niriDiia  it  nrul  hrarlilj  tnih«  [•mKh' 
uiil  in  l(M  coiinirT',  where  'Jio  *id  odd  moral  «in-     ticin." — AuCao  JMi-til  mut  Str^tniJ  Jm-riml. 
y-m  of  a  ouiuull^'iu  cua  iiat  b«  aniM  nr,  thi*  ..  ■»  ■         ^  .  . .  .      . 

commend  il  to  Ui«  yroraMaoa."-a»fiiin^  tarn      '(."'  i..viiiiili.ii...cL.  ■HI.  ii..,  -l,n««nt  l.i*ii.ih...  ..f 
t^  ai^  Qtutruf  ^"^  pfiri'Wiftiir       1  lio   railhfir  •t'^ni*  Irt  f^jwii**  a 

iHVUliit  iL|)li1U'lv  r<ir  ltu|witJno  iiiitruMloii  u*  wdII 
"Thinulhnr  w»tai  lift  wnri|«.  hut  (Inrou*  him-      »•  ^•f  -iiiii'Iifyinif  Ii;.IiipU4  .1«iall>.    A  ortAil  pcni- 
■eir  InXht  ilr^ri)rtii<D  of  (ttoii  iIhl-wo  Da  if  tht'  pa-      aal  n-lll  iiinf-l/  tvfty  tliu  *lu.lvnlii[id  |)nicUliaii(T," 
llsnt  ncre  undur  bii  ba'iJn      BwauH  it  Li  a  ipral      — .^'u  I'mri  Mniital  JimrmiiL 

HOWE.  Tfae  Breath,  and  the  DiseaBes  which  glvQ  it  a  Fetid 
Odor.  Willi  I>tri'ctionn  fur  Tri-alincnl.  U?  JutiEi'ii  W,  Howe,  M.  I>.. 
Clinical  I'rofetisor  of  Surgery  in  the  ^Udicnl  I>e)>nrtincnt  of  the  Univer- 
sity of  New  York,  etc.  Second  edition,  revised  »nd  eorrfolcd.  I'Jino. 
\m  pgcii.     Ctoth,  tl.OO. 

"ThU  Utile  vqlumewnll  <liwirvpii  iliKatwnllon    Jort.  art  tanb  in  a  pIAont  ttrU."— /'IJMiJ/iAm 
flf  Jihfiiolau'^   la   wham   "v  oiitiKiivii'J    It    iii-uil     JMtMf  TVwo. 

U.vfily/'-C*««tf.irrf*^/ •/«-"-'.  "Th«.uih.>rBtv„».i,oriBc».o.ouiit<.fUi.JW. 

"Tn  any  «rna  nUMnir    fn>ia    iho    alToHlon,  >ta>«ilmiiiliiliin>lii  whl«h  ■  Mlil 'irrnlh  It  un  Ini- 

(dthrriu  hin  nwn  ihvuii  or  'm  tint  ^^f  hU  iniimalD  rK<rtanl  •rui^^nni,  with  I4>  iiii-iln'il  at  tri-nlmi'iil. 

ScquaUuaoca-,   no  can  «iim<UL<ti  I   till-   volumD  un  Ws  miim<l(<i  Uid  wnrk  a  ival  aiIrlltk>iM  l»  iiioiliiul 

cnaUiolDtf  all  tlit:  U  knawn  MDcenung  the  tub-  atfrmian."~C'iiutnnali  JMiMi  JmtnA 


HUEPPE.  The  Slethoda  of  Bacterlolo^iool  InvoBtlgation.  By 
l''t:iiiii\ANO  Ili.Kri-K.  Dotvnt  in  Ilygii-in- iiml  lta<-tiTiiilof;y  in  lUi>  Clii-niicnl 
L-ihoratory  of  R.  FrF«eDiu«,  a'.  Wic«t>aiU'n.  Written  ai  the  ri.><iue*t  of 
Dr.  KoBERT  Kotii.  TmnBlatol  by  IIkiuiaxk  M.  itnxii,  M.  I)..  In-inirlor 
in  the  Carnejjie  Laboratory,  and  ^VMiatAni  to  the  Chair  of  I 'athuio;iicul 
Anatomy  in  Bellcvuo  ilo*|)ital  Mclioal  College.  Svo.  318  page*.  Willi 
31  IfliKtrationi.     a'rtli,  t^aO. 

"  ThU  li  the  boi  book  u  tu  KrdUhln  In  Eiij- 
lldi,  bdait  tvOtr  »dapl^  (a  lb*  iKatnl  *li>itc*l 
irho  uMlorlakal  iho*i*ly  frun  llrit  |iftnn|<Ini."— 
.Vnrfjl  t'dr«KM  JMinif  fyur*tl, 

••  All  (bidtiati  or  WcUfMcvy  alll  at  ann  |>Imb 
Uil><«liiiMMt)ial*liUMMMUiiM>uUi>Oirib«!r 
ii»Mlaoi«ali*aBdrBjqJttiitly."— /Inuriria  Li*al. 

"Tb*  w«fc  k  vtMca  bv  ont  "bn  ihoton^Iy 
iiiiJttitM»J«  Ilia  avIilMt  tail  uuta  il  fttarlj  l/rtm 
til*  ■tBikM*'— /^Jirtfr  UfJitA  ani  H*rgtttl  Jiir- 

<■  Hi  ku  'iftr-l  the  whote  r-f  Iha  tnKtnd  aivl 
•omitlniM  alni'Bi  Inanvoihlo  lii*nUf»«J  ikrmb- 
iMt.Wid  hot  tlmlaWd  Iha  Ui.UpMd>M  tnvatfl- 
RMnr  •  mnt  (•InaU*  tM»k.  mAiI  Allk*  i"  Iha 

CrBecliiMiiranJlntke<cad*M.aa>lriB(«iirUi'  !•- 
^•l*■4kltl  tnbiltib  tantlnrj."  —  ri^lift  aitJ  Clitt- 
rat  B-^rJ. 


"Tnihow  *rh>»  vhh  In  luv*  man  IhM  •  i 
Umn^Kmt  kmrniiOf  tt  Ub  vbUkI  iha  waBOil 
«rtU  Vt  faVHl  tfktlafMiMMa."'  JMfaaTJbt^nl. 

■■  A*  •  whfll*.  tb*  boa*.  wriOvn  u   YrArmm 
Kwb'a  i*|iMi,  raflMH  ft<4k  *«    Uw  Biartn** 


diolflB  af  inthar.  hhI  U  ono  wIiIdH  ihi  alodml  nl 

Kthiiloity  «an  itfvj  in  b*  wlthoui.    Tb*  uufnlB- 
n  •Mvia  bi  ktia  bam  flKM  Mcwi^BUr  aiaJ*."— 
JM«Mi /tawtf  H-aAra  JlW  ror*. 

"Of  the  mmt  iMrka  llwt  ter*  nvMiU;  af 
tManil  no  Iba  •n>^M«  of  lattollll  tartnnlOMt ,  llib 
nn>'  omaliit)'  owota  Iha  irqulrtmral*  t4  •  imiikal 
iraiilvanilbgokn/nfanrvca:  .  .  .  lb* Inarft* nf  tlia 
•  nrft  ai«d*<U*l  and  ahooU  **«iii«  Am  U  Ihrn^- 
U-kin  kl  dMaTTM."— <Ufa>«l  JM<»I  <ia,f  A-fl- 

••Tlv  W-i  irriii>  till'  •.i)>;<-rlto>n  *lM*JlaclT 
olavii  -T.  ami  liam  llnl* 

til  h>    I  : ,  taA  h  •  min]<tt*> 

IfaUa  !■*  1IMIH  ■tftiLkiifT  11  wrk  mit  tsif  of  lb*  Id- 
ainrnvM*  prnMiiiw  nan— ^wJ  ahb  lb*  lllb-lil«ATT 
•>«  Uw  tiai«Mto.  .  .  .  Th*  |i— itWlwi  aanna  In  l« 
v*a  tliMM.x-JtBniMa  AmfimI  it<'  f*'  if'J^' 

■*  Tb*  lapnnaMv  of  ihu  raMairt  > 
•i(td  .  .  .  •■■•niU  Uwirv  *>***  f«k' 
tallmiArilBiia  |li^l  hi  tb*  n««Ml  Tnum*  ■ 

|«]>ubfM7r-.r*w  jKiflwid  JUEmI  1 
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HUXLET.    The  Anatomy  of  Vertebrated  Animals. 
liKMir   HvxLKY,   I.L.  n.,   P.  K.S.       ISrao.       llluMrati-d. 
Clotb,  *:3.50. 

"Thv  PiWDl  ifoiV  t*  InMndoJ  to  rr<'>'Mo  nuilcnw  of  compandtv  ■nnl'«n]r  *ttl>  •  oooteuBi)  i 

intnl  "T  tfir  iii'tl  inil-'ilanl  tttit  rtli  '         •tri.iiHiini  ur  vi'itclmtcd  Hiiiniil*  wIiIpIi  hk*i>  blUxni 

bwn  vn'niilni'ii.     Tliv  )  fW «<'/<>i(>t  ■''  '■•!  tWim  all  Mliri  ■iilmnii  lijr  Uin  dn-utn*UMB  \btt  t 

traiiai-trH  aTttl  it'it'ical  HMtlnn  i>r  lJi<:  I  <-,  ..k.,.i'iM  IKocaviiin  i«nk|ili4«lr  *P|«ntnl  trniu  odt acMthrf 
t^  a  tMnllinii.  Thr  a<-rMlunit;  cnntuun  Uiu  ocrebmiHim]  Qrrrnus  rf altni :  Uin  Tmti«l.  ibe  tliinw 
CMry  ouiaJ,  ihg  liwrt.  ui»l  cuiullj'  a  itoublu  f  bnin  nf  ^ruuiUR.  oblcb  paian  lUtdDrlbt  name  af  Uia  **}■» 
|MliMu-.'  It  i*  (irvhaUa  tliM  Ihin  iiyn>ra)l>wt)u  nvnoa*  ■,rM*(ii  n|iRMiii*,  whol^  at  inrttallf.  i)b 
IrtlnciixU  nptvaos  i^«t««  of  the  (4»aum«  «n<l  JMliata,  And.  is  an;  nw.  tte  ivntnl  parto  (<  lt> 
<wlin>->|iliu]Mm>u>nit«ni-ib.,  iha  bnio  and  Ihaipaul  conl— muU  tf^natvabe  uanqiraMiMd 
BRWDii  innrtfibwal  uiiiual*."—  TAt  AvtAar. 


fqvallT  mn  of  plooa.     Ii  U  anauch  U  «; 
il  mSttt,  In  a  noBritahl*  dtfrfv,  Iba  anl' 
lion*  whiui  luTc  bno  ftqmad  oT  tt ;  mkd  ' 
Irtdunbi  an  «xtraorihiuu7  ronUnaikm  of 
jtaiiand  view*,  wltb  ilia  eiair,  mrtmnif,  and 
uiuM  alalamtiit  of  ■  piwIiitioBa  aamtier  Of  iMt 
vkluat  fuU."— A'sfar*^ 


^^ 


"This  Innit-Ttt'tMcd  anrk  will  ha  cnrdially 
vulnnuL-J  ^y  nil  ttiulMita  nod  iHWhcn  nr  Cota- 
pa/kliv*  Aimloiny  lU  a  03iD|«i<)lauii.  nlijit-k,  nn  J, 
tiol\iLh-tiiii<linir'iu  ■mall  diinoiiiiiniii-,  luntl  mo- 

1  (imiii!  cpf  t.)  (Htitn^c  tbf  wiirk  <Jf  wi  a«oaui- 
pliibdl  a  nuiIcroT  hli  ftturiw  adeiK*  bouM  b« 


JACCOTTD.  The  CtirabiUt7  and  Treatment  of  Pulmonary 
Phthisis.  Uy  S,  Jacch-d,  IVifcssor  of  Mciii(?3l  I'atliolo^y  to  ibc 
F»i-iilt_v  •>{  Parin ;  Member  nf  tin.-  Aoailomy  of  Metticiuf ;  PhyKician 
tlic  I^aribuioitTo  UoApitttl,  Pnru,  etc.  Trnnxlaicd  and  o<litMl  by  MoxtaH 
Li-ttftocK,  M.  D.  fI>»iiilon  and  PiirU),  M.  R.C.  P.  (Eiigliind),  etc. 
407  pagi-K.     Cloih,  44.00. 

"Thla  U  Iho  work  of  Ihal  mo«  cmliunl 
Kroiioliniun  uf  th*  S<r)!r  .Ir  UMtfim  ut  I'lirt., 
and  lliv  InifKilntiniTt  <*T  l.ui>t>uc;k  In  ■tmiiir  ami 
mii>c«rty  liuiintucli  iv>  k  (liilfiict^  llic  t<a>>>naii>n 
or  a  laim  VDoabuIu;  kaawloij?  ol  botli  tho 
orijriDal  and  KasIUh.  No  rone  of  ilio  pmnnt 
dlf,  with  th«  aloitlc  «icio|>tiun  |»rtuL{it  nf  llaitbiia 
Bcnnt't,  Im  dttotvil  a*  iiiticli  i-nrvfiil  ■Iviiif  W  th« 
eliuiutic  trpalniFnt  ff  pFilhinin  im  I'r,  .laivnail, 
anil  liU  (nncIll^lon>  on  ihu  puloC  ■»  lai'  ■■  n- 
mirOt  tliR  C'lntliicQi  ol'  Kufopo  mint  bo  demied 
Sua)."-  Ci-m'-'nii  Jjinat  awi  Cliiit. 


"  M.  JbcwuiL  Ui«  autbor  nf  Ih*    irnrk, 
till]  «inlni>ut  prnfnaVT  of  Uir  £■<>'*  .^   If'irfa' 
I'ai-w,  i>  L'mcnilljr  retotinbid  on  ihr  <"i*iiin 
ai   one    of  t)ie   btrt    aiilliorilln    -ni    I'Ulit 
pblhbl*.  (O  UiM  an  Kntrliih  pJivi  <ii  i>r  I.U 
w!ll  oMBinl;  W  vary  aoniitahlr  !-■  iliniifl, 
tftlO  hi  lliv  aiibjwt.  .  .  .  )l.  Jnrcwud'*  M  ' 
••  jiul>j  M  en»t  iliot  hit  opinion*  wltl^ 
til    the    (natmcDt   will    be    rcaJ    iriili    i_  _ 
lutnm.*'— 7bM(  (^iritT'lbtard  ^  iltdidn: 


JOHNSTON.     The  Chemistry  of  Common  Life.     IllMHtriittNi  wrt 

mimeroiis    Wowl     Kngravinijti.       Hy    Ihe    late   J.&me>4    F.    W.    JoxNiifi]! 
F.  R,  S.,  Profea§or  of  Chemistry  in  the  L'niTenity  of  Durbaia.      A 
edition,  revised  and  brongbt  down  to  the  Present  Time.      By   Avnit 
HitnBKST  CiirRCH,  M.  A.,  Oxon.     IlluHlrated  with  Ma{)e  ftiul  tmmc 
EniiTAvin^  on  Wood.     12mii.     rtOS  [lages.     (2.0n, 

.^rjfJf.Iffr  OF  COyTEST^  -Tim  AiT  «e  Bnatho:  tho  Wnter  wb  Drink:  tb«  Boll ' 
valu:  the  I'liiiii  «-p  Riuir;  tbo  Brvuri  wu  Ent;  UioBotf  «c  Cooli;  the  Bevcnuca  Ot  IlllW«:  i 

ym  Kxlnx't:  llxi  l.liuiura  wt  Ki'tni>iiit;  tbn  Karoolln  va  Indnl4i'  in ;  tlic  IVhwd*  wa  ItalaM;  . 

«a  £iij'>y :  lliv  SiiioIU  mi  l)i-Iikc;  iliv  ('blora  w  A'lnilro:  Wiint  «v  Krcuilhv  aoJ  Braatba  Ar; 
How,  and  Why  wu  Di'jtvi ;  llm  Zaiy  trv  ClivrUli ;  th*  Clraululiun  of  Mutur. 


JONES.    Practical  Manual  of  Diseases  of  Women  and  TTterlne 

Therapeutics,     l'""r  Siu.l.-nl,-  Jimi  rr;t.[ilii.!icr<.     Ity  II.  Mac  XAf.,iiroj 
JoN'K«,  M.  D..  F.  R  C.  S.  I.  nud  E..  Exmniacr  in  Obfiletrin,  Royal  Unit 
BitT  of  Ireland  :   Fellow  of  the  Academy  of  Medicine  in  Ireland  : 
the  Obstetrical  Society  of  London,  etc     lUmo.    410  i>ages.     166  lllii 
tionit.    Clotb,  t3.00. 
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^  As  ■  eonolM,  oall-irritua,  nt^  maiMal,  wq 
Mnddsr  UiU  oue  at  the  beat  <ra  hiiv«  cvet  wtn. 
Tb*  lutbor.  i»  tho  prrikoc,  wUi  ■*  that '  Uib  book 
b  •iaipiy  mtviKlD J  u  a  jiraiiliiDDcr'*  taA  Mudoor* 
iQOOiUl.  I  liAVr  i'n4lO:ii^ir4-<I  tv  iiukc  it  an  pmi'lio) 
ia  lu  MoblW^  lu  »Mil>l(i.'  Tliv  *t>  la  U  |>lrakiut 
10  ^rwa.  Tot  nullinrcivTnvtf  hUxlo^i  in  a  elisor 
iaaaii«r,  4n>l  ii '»  <rrll  up  wtili  cJic  apurorei]  iui.-tli- 
od*  Uid  Inslni-'nl  "I'lliudiiT.  ItU  w«ll  itlunUnKil. 
anil  dac  vrndll  it  civ<'ii  di  Ancntiui  zyniivol«)^at* 
>uT  work  Uono,  11  ir  a  cikhI  brwk.  iivli  )iriDI«d  iB 
eo^  Iiuvo  tVT«.',  uad  wtll  bound."— .Vnv  Bnfbi-i 

"  It  In  wlilooi  that  wc  WW  a  book  *n  cainiilifivl; 
m?  l[>  iiT<-'>i«]  rniwioD  u  dog*  tbe  Olio  hfliirv  (la. 
It  »  |>ni<-l>«1  lyom  b^tilloliWI  ta  end,  und  akii  nut 
fkil  ti  br  4|ij|)r(<nMi<il  bv  thp  rcadcni  Tor  vli-ni  It  U 
[ateiidod.  Tlir  ntitli'ir'ii  atrlo  i»t(trMaiid]im(ii(Mi- 
oiv,  and  ho  h»  the  viitIuMI'  Cwiilty  of  mviuu  tlm 
IdoruDr  a  alaar  Inaignl  of  bis  matboda  and  naamu 
fbr  ttMUnvnc  PNPNNd  fertha  ptactUianer.  tliU 
Uttle  work  dinl*  otAj  with  bla  overy-daj'  waiiU  In 
ordinaiT  liiurily  iiraatiM.  Kvary  odo  la loinvvllnl 
to  ttaat  ulorliu!  iii*a*«  wfao  doot  aoy  ic^onl  bual- 
nouu  nhulCTor.  nod  (hootd  bnsooio  iHMiuaUilcd  with 
tiioiniDorii|>«rut[oniitbi>n9lo ponalntuy.    Tbu  book 


b«fbre  na  oovan  tkia  noand  Mmplatcly,  and  via 
ban  notUnit  u>  oIEbt  In  the  way  cf  cnUi^im."— 

**  Tha  manual  bafi^  ua  U  via  tbg  work  of  r 
anKialitt— u<iiiir  ihi*  Mim  in  a  iMtmv  wuuw— liut 
nf  an  aatbor  almdy  l!avc4ably  knnnii  b'  tbc  ato- 
danta  of  vumnt  madlod  Htwoiure  by  varViu*  nud 
MHTipnihaiulvo  works  upon  otb«r  l-ranvhu>  nf  lila 
pvifnwiaci.  Nor  k  II,  on  tlia  otli"'  tmiol.  ibu  nnrk 
of  an  Bioatanr  or  manly  ini-cni''u»  "'llnl'irniiar, 
fcr  Or.  ItMnauKbton  Jciti«*a  po*nai>>l->i.-iMl  i-xpo* 
tAonoa  In  ootmaubni  wlili  ibu'i'-^rk  llixpiul  fat 
Woatao  aod  th*  Cork  HnuniilT  « v  tiu'li  •»  liiiily 
•DUllnabloi  toafinli  aiithorilulitvl;  '^\'<a  ilie  miK- 
jerta  Willi  which  M  figala.  Bnl,  alter  k-miuiy  WMka 
by  aVDWvd  ■podallata,  wr  on  |;1nd  lo  tmluome  one 
upon  GynvmloitF  liy  an  auttior  vbotn  <"-T' >*><»"<  I*" 
and  foxrej  liafo taablnl  him  lo  iiia-r  <  i  .  .  11* 
ot  *>  man?  bnmohn  of  nwdicnita.  W  i  .  . : .  i  I  .l  I  -'r 
Id  ho  able  to  f<bil4<  tlint  hii  work  Ofuni^aiv  i^rt'  IW- 
vombly  wllb  -Ahtrf  of  tha  aame  Mud,  wid  tliat  It 
do«*  admlnUlv  fuiail  iba  purrnnaa  with  which  It 
wst  wTittaa— 'aa  a  wfa  itUHlr  in  |'Tiu<tio*  to  Uio 

CraMitioDar,  and  an  uaaiataiiOT  in  lliii  ilmly  tt  Ikia 
raoBll  of  huprolVarfon  (•)  tlii:  duilcut.'  "—Pmtliit 
Jsiinut  Iff  JMtatl  .Sri»«. 


I 
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KT!"V"Ra  A  Practical  Treatise  on  the  Surgical  Diseases  of  the 
Geni to- Urinary  Organs,  inclmliiij;;  Sypliilic  Dwijti'fl  s-"  "  Manual 
for  Siui|<>iil«  :inil  PrarliMutn-m.  Willi  Kiigr:iviiipi>  IJy  E.  I~  Keve», 
j\.M.,  M.  0,,  ProffUKor  i>{  (JviiUo-VTriiiftry  Surgt-'ry,  Sypliilolo;t_v,  ami  Der- 
matoloi^y  in  UcIIcvik-  Honpitnl  Medk'al  C'ulli-ge.  Ik-iuf;  >  revUton  of  a 
Treatiftp,  bearing  the  same  title,  by  Vak  Blrrx  and  Keyes.  S«cond  edi- 
tion, thorniijrhly  TXiviiti'i),  and  somewhat  enlarged.  8vo.  GS8  paRes. 
tloth,  »5.(H) ;  i-lu'i'i),  ftli.OO, 

"Tboac  who  nre  fiunlllnr  with  ihi;  nUcr  worVa  liri.-i«i«  't  Ufminna, 

of  K«vn  (Van  Bcin-n  and  Kr««)  irlll  MUmlf 
rMointln  IM  pratani  u*aiW.  Kin'.'o  1HT4  cbc  uf- 
TncwM  In  tfa«  aaparttntinl  nf  •itr/fty  invUKlfil  uiiili'.t 
tha  tofm  gnabo-utinaiy  Imio  bL-m  »>  niii>it|pnMo 
t'lll  tha  work  bcfan  ua  U  pnKtIually  n  titw  lxv>k. 
TIi»*ulbora(>[wani(Dtiiira  boen  promi'Isd  by  fi'cl- 
in~'  oir  rrrtioDM  for  Ilia  '  i]«ar  olrl  auMtr '  in  mll- 
ia:  ibia  a  reTiaimi  f4  tha  work  Blliid>>J  t".  T<> 
msDllaii  biiin  Ibvaabjoelaihai  uv  i-ircnlinUi  atw, 
w«  mnv    allilJo  lit  tllh')ln[tiuT,   jujiirupLi^ip  cya- 

tot«By''il im[il!."i  kiiil  iiil-i'.l  iililci  .-.[■trotionl, 

Roal  aorKpry.lhfi  »i™l'>rii  iu''lh'>'i'i'-f  d™linit  wllli 
hydrDHle.  and  thn  mdlml  oui»  of  raricocal*.    TiM 

trafDiiiion  nlll  |iin  glad  and  apMdy  walcnmo  to 
)r,  K*yO''>  traatl<-i  n*  It  nowiiuadi.  It  mtc  wH 
challaiijn  fnvnnblF  ''impnrgj-iiTi  itllh  ibnllar  wurlu 
h?  MiiaT aothora,  and  if  'ovuiulncd  It  will  nol  Ua 
Dxiad  waniinK  in  all  tbat  la  ancnlial  lo  a  Tollable. 
rMdaUa,  and  tnitruotl'rataaBnal  od  ■  Uchbr  impoi- 
taftt  braiiob  of  ilis  haaHnii  an.''— JM&oT  StatrJ. 
••  Pfofswir  Kry««  ha*  done  Ibj  pntfiMaioii  Bnod 
•Frrloe  In  thia  llioroush  rrvialnn  of  Iho  orlutnal 
wiirk  whloh  IVilWor  Van  Butmi  and  himaelf  prt- 

Ciad,  now  iruuiT  year*  affo.  A*  Ihr  laltcr  aiala 
bit  pralbM,  litholn}>BXV  ha<  lu>l  iu  birtli  unca 
Uuit  lialn,  tbo  aurvory  nf  \hv  kulTrry  boa  biMi  ooa- 
atruoioJ  ano*.  and  very  difftT^ni  viowa  ore  enMi^ 
ijitanl  *•  10  iliu  fuih»lot/y  and  tminBol  of  many 

of  tho  ahnonniil  oindiilnn*  of  Ibo  cvnito-uHnanr 
ayatom.  Th"r"iii-hly  nto-lomUtd  a*  Dr.  Key»aa 
liDpnttanl  wr-rk  n^ti  ■•,  h  will  Innit  ranwn  a  monu- 
nMntorthcalcilI,'>riElnaiily,  and  tBi4  of  ila  lalcowd 
author.'' — thUt^t  j<~l  I'-'Inlml  KhiW. 

"  Dr,   Kffvc-.  frupn  Uia  •lally  mntBOl  wftli  aU* 

dceta,  know*  their  nix-il?.  nnJ  Iiik  iwiaCnl  taanncr  

of  •n.i^nir  ibarifbl  tbiuB  thown ihal  h*  know*  li<>w  tn  iraoh.     To  tho  prMUtiaotr  abo,  trho  «w)ta  m 
work  to  wbioh  be  <an  itfbr  at  all  tiicin  wllh  ooiillilcuoe,  wbaii  Making  gufdlMB  tu  lh«  jitopcv  lata- 
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NCBIIHU  nf  ■■  old  iww  nf  >loiiT,  nr  tnUr^nl  pna- 
%MS,  OT  »D7  ijaiila*  uriuv?  Imalilo,  ■«  ikd  IimiIU^ 
NMtnoKnd  Mil  ^\iii'At  i-t  Ktjvt'm  tK«k."— /tv*- 

"  PmfivMor  Kcio  liu  div  btoMsc  »  wrll  uiil 
Ikvonbtr  known  id  moni>'tJin  wltli  ivikiti>-u>'v(»n 
■urvcTy  UMt  ui;  floik  brariiiu  hii  namo  U  ■ulll- 
tfloiitljr  rtcoiuinuotloil,  and  **■  srt  -an  this  ucw  rv- 
vl«t(i|)<if  V>u  Buinn  nail  Kc;^«'i<  fi^Al-boakU-fulle 
Up  to  uir  walk  ii|>in  the  ■aiuii  autuivl  licnil«li>ra 
proland.  Wr  mn  nwcuumDiid  li  Iilitlity  litcauw 
ll  U  ft  («mplelc  Initiiw  or  t  bn  ili-ratM  of  tlui  miUn- 
ttrtn>r<t  lyjitcio.  lueludinE  iji'hilli,  udJ  AiftliiT,  nn 
avoriiiiit  of  thv  >Mo  unJ  pnvtioil  idiuiuk  wllh 
>^icU  Itifl  inilijnrt  H  luuidliuL  Any  ooa  Bho  irlU 
oan>^j|)>  nwl  thr  [azi'ii  nf  llii*  work  trill  Sod  UU 
Ilnw  haa  been  ni-ll  ipciil.*'— £laii<iAi  Laffd, 

"Thr  Inl-ii*  if  Hr.  Kf T»  W«  Wd  woll  kttown 
to  iwiTiinj  fiinlii-f  c-'HiineoTlMlon.  The  laul  ellbn 
is  omlD^r^dj  ]tKJ4  Atiil  prwlu'Al,  aiiii  !«  <l»prviiiif 
of  uoriuni  ni«i;iiiit>''ii.  Tlivrv  nr*  tmii'  tbliv* 
vltn  "hicli  np  miiilit  l«l  diipwwJ  to  diSL-r  aftli 
Iha  author— nonbl;-,  tnonacnt  of  tfphlll*  ud 
(in-tlinl  (tricinrv— but  Uio  gononl  murlt  nl  lb» 


cnticiMn.   ll 


prndsrlVii«inirola*ilnrtA#nlW>iDcri(iciMn. 
uu^lit  t"  t-^  bi  lbs  liuiib  of  every  phji '  '-   ' 
ir  iuU'roliitf  lod  lnNra->tln.     Tba 
bivc,  a>  biiwl,  iMord  it  >B  KUod  iilyl*.' 

"  I(l>  mA  to  pndUl  Ibol  no  book  of  the  jw 
will  mvtX  ullli  a  iii<»*  ncrr  ndi-uint  Ihwt  Uil*N- 
viau.-ii  M  l>t.  Krj>:t-'r  tliv  vIowMal  BOTk«f  vbki 
b«  «ju>  U'iiil  Biilbirr.  ...  Mr  ban  Hrriatly  irwiil- 
iPli  iLu  Iw-'k  uIjIoIi  Oric  give  biiu  (amr, Mii()if 
In  till'  nork  tliv  riptrl<'tin>  nf  •dJcd  Jtu*  of  ariHi 
labor.  Ulll  i1i»  rvuiit  u  ■  LmlUo  •m  Ibo  lut^r 
orblcb  it  !■  iiat  iiH>  bull  pnUr  h-  ra\  Uui  i(  ■ 
nidiool  R  pL'ir  in  tbo  Eaflinb  lBiu.iia(iis  It  i>  I 
abl>'  >1'hu  111  ili«  HtficoD  and  llw  plinklao,] 
nciilii-I,  lhi>  aurlii,  U«  muKxdOfbt,  u*  aUc 
and  Ibc  iTcKFrnl  iinKllTonor,  for,  ai>luF«ltr<. 
niliject  -if  nlikh  U  matitxcrH**-  a  dcBnuwiKlB- 
■Miw  on  •  Unrv  firof'Htlnn  of  ihe  ill*  of  bnoMalK 
Fruni  tlip  firlui  Id  uloro  to  Ibo  orlosmariiUI'B* 
tmil  of  llii'  ■vrtXKl  »  oti'i  Uutn  alT,*  and  •toj 
{•ndjiloucr  of  medltiiM  in  f\trj  varfiaic  liitii 
«tsiuaori4iicIi«inuivpiuHtbT]>(,  KcT^B^tateo." 


KEYES.  The  Tonic  Treatment  of  Syphilis.  By  E.  L.  Kkvi:», 
A.  M.,  M.  I>..  Ailjiinct  Pntfcwor  of  Surgery  iiml  Pn>ffwior  of  Dcrniatologf 
Id  the  Uellevue  Hospital  Medical  College,  etc,  8vo.  K3  pagc-s.  Clo 
11.00. 


"  My  Ktiiiboi  In  i.vplilUUo  blood  have  j-loldod  malti  oi  onef  to  onUfJiiijt  U  mo.  sod  m  («o' 
ti  M  lli'v  iiinio  totliii<ni<i>  I'f  luiouu  duMof  tnvfcuT^,  lliiit  1  IVrl  tn>|Kilod  to  lu  tkU  brivf  Uvnli*a 
Iha  mitlirnl  )-u1>liv  in  •n^H'on  -f  >  i»nIiTinoi;>  IrniloHiiil  nl  (jplttli*  by  niiull  Ctonici  disva  vt  nn 
I  bcU«n-tUa(  u  miiunl  Iriel  nr  liic  tnotlioJ  will.iu  tbe  lon^nm,  TlndiMMltcciVTllunar." — JMratfyViaa 
/ViJiv. 
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KINOSLET.     A  Treatise  on  Oral  Deformities,  -v  n  Rranch 

Sliili.inii-al   Surgery.       By   NimMAX   W,    Ki.mmi.ky,  M.  D.S.,  I),  D. S.. 

Pre»iil«nt  of  tbe  Itoard  of  Ctimwri!  of  the  Stale  of  New  Vorlt.  late  Vi 

of  tbe  New  York  Collcgo  of  DcntiBtry  and  Professor  of  I>enial  Art 

Meotianism,  ntc,,  vtc-     With  over  350  II Iqsi rations.    8ro.     Cloth,  W.' 

flheep.  tO.UO. 

■mmiinu  ■-.  II1I.1.1II..1I  "'   llnvi' iToil  wiUi  iTMl  plnuKni  and 

Prammr  or  ULm»*Tio»,  ^,  ^^^^  viluabU  ■  Tr«li»»  on  OmI  DHob 

TtiD  Btirk  conhiinn  iiiiii>li  oricitial  ibiI 
J'tw?ti«il  value,  nnil  la  ftill  c«  utprul 

vhlobwill  licof  jnal  buifSl  luUit  

Lswia  A.  Hathk.  M.l).,  I.I.  !»..  fr^tmar^Or- 
lAofJi*  5>>L"r«  ««>f  riiniiM/  ■'fxrawnr,  ABnw 
i/aipilal  .VJi.vI  LhUrg,. 

"A  oMiiiil  irbnco  nt  Ihia  worli  lalaiit  tinp>» 
tho  nadi'i  «ilb  ibu  Ides  ihol  lis  lanlnilt  wcnof 
nioiv  praiTii-tl  vnbiK  lo  ibodiiTint  tlian  to  iho|m)> 
Ciul  pniiMiIii>DrJ'iir>ufK«on.  RmI  It  '.t  In  cxBMBa 
B  tuao  work  on  dt-nti'lry.  i  ->  iranM 

kli<ni1(df«of  lliolaltur  arl  ann  -  alaU  H 

Ihf  ranTfoB  out  at  \to  nnibur  -  .i.  -.  icicanlkK 
Hm/  tnnntioii  i(  thv  liilTi'n'Ut  v^Tiiiica  iif  nrKt  de- 
KiriniUca  of  nMob  bp  tnntn.  Wu  Vixikl  l«  ilajag 
Ir^uibuu  to  tbv  '•''rk  did  nnC  w«  iiuili«  pMtifulM 
r»firrohn!  to  Ibu  iiiii'Uily  <>1i3pTcr  mi  ll^  I  ml  ■mil 
of  (Vnrturoa  of  ttiii  Innr'r  jjn.  Ti,-  i«l...'.j 
i«  ao  lb<>^<tl~bl.v  >t»llid  litnt  n 
dtr'itv'd  bv  an  v  ^ur^'oo  n  b'^  ?i . 
rifl«im'>  I'nii'll'uMitli  amr  ■ 
A>  a  wb"Lt\  *ii»T»  mark*  i'' 
lji>lt.iJliiT  irLi[in-it*''*  cbiM^ .  . 
eifoila  "'  il«' (iiiilKif  (■•  BTl  *;  ' 
Ir  in  lui  ii^'.'i.'Ei]'-i]A  anil  irnrtl'' 
of  ll.r  iiminil  fTuUlllonor,  LU 
dMilitl."— jfnhoti  KtnrJ. 


CATALOaUB  OF  MEDICAL   WOBES, 


■*Thfl  praftiMioD  I*  to b* ooniiniBliMd  CD  po*- 
.  ninit  M  taluahlt-  «n  •ttjjtiaa  h>  lt>  lilrmluiv,  niJ 
ihc  •uUlix  to  be  UD9ttnt«ll.v  praiMil  hi  hix  Himv**- 

iHun,  la  ■  verd,  svcr;  irliUim  or  biviaf  Ihi-d 
writua   IcuuivljF  Mill  Bill)   cntv.  .  .  ."—ihitid 

''I  OMutdtr  k  to  bo  llio  moat  Tnlualtio  >ork 
Ihtl  ho*  civr  Bfpnuwl  in  tltii  oMinlrs'  In  aoiy  d«- 
nitmn*  of  thp  htiviim  xf  'Irulal  ■ur^ifr;'.  Tlioiv 
k  DO  doutiC  ol  lu  cnu  value  eo  ovm>'  duui  who 
vt«La  to  KuJy  uid  pn».-tlc«  iJiU  bimoli  oT  ■arMCjr, 
ml  I  hofo  it  waj  tit  ^toiitfd  at  a  tozt-twok  Id 
WnWT  ilwlal  <nl!''/".  >1'i>i  tin'  -liidniU  may  li>v« 
tlM  Mndl  o(  thv  kir  »t  r(i»  rif^ifl'  nf  the  lutbar. 
It  plABta  nMOy  ihiu^i  Ix'tU'Drci  111?  ctiTar*  ol  ouo 
book  •liU'li  tiiTiii'*>ni  1  Imve  b«(i  olilljieJ  lo  luok 
for  \ix  rjiuj^'  li'irvolicftis  ukd  ol\i*ii  V'lllmut  kikccim/' 
— FiAJiit  kanot,  M.  D.,  i^Mn  »/  fif  .V<.v    I'ori 

"Th*  BTiUr  doiw  iiol  liMltatc  to  cx]<rrw  hit 
■txlirf  tliiu  the  rhaF^nn  on  tlie  'mlli«Ura  'if  deu- 
tlmrj'  «U1  be  found  arnmi'L-  pniitiml  \ti\tt  tii  ihe 
pTiMlliellu  daatiii  tliui  all  tho  otiior  »m}'«  aa  thb 
Ml^ftvt  •xEMKOt  in  ilic  llaKlUli  Uiiininrr.  ...  A 
[~rT~r''  of  ita  (•!!,■»  MSnx  lammiwl  Ilii'  nim<]  to 
■dnom Im  direeiioiH  r>ji>>iuil5  !nut»Ci*l :  -•  iiri- 
tnaiy.  Indeed,  tliM  there  I*  IwpJIi  •  iioitr  M  lliu 
had  whMi  di>a>  not  oiincaln  •rmir  iin|ii'nui)  iriilli. 
aoat  pmtnani  hint,  or  wme  nluablc  cuncltuioa.'' 
— JteiWJKMiMity. 


"  I  oo^TMalMo  ;<«  oD  baviu  «iitua  *  book 
miiuiiiiiw  (0  muoh  laliubia  >n<rnritfiiiil  inotivr. 
1c  adl  \<Km  of  nhw  notanlTiadontiBtK,  hulDlsn 
to  Mitv-roDS  and  pbiiiiidaDs.''— Fiuitk  njwiiiiua 
IIaViltcui.  «.  U,.  tX-  D..  frt-fttKr  nf  lit  IVwliet 
^/  Sirftry  v-'/A  iffrrmiioit,  o*-/  »'  V.'/iaioil  £{ii^ 
gfry  in  BUI'Tvt  U-rj^iKt  JMital  UMiy. 

Srarunn  or  lucmwios. 


"To  tho  •ll'tv'Ti    iri'i    .-I'lii-rnl    -.■i.iii ruT  of 

medldOD, u  iTcll  H  the  diaitiM, III  intuiHUi'iii  nlll 
bclbiud  iDiDtmlilr.  It  Ucltoi  Id  Hylc,  |<r3i'lii,iil 
In  It*  amJIvvtion,  eoiii|>nihpn>ivt  in  ha  illutlru- 
tiiiK',  iiiidMi»xliauati*ulIiat  il  i>  n-\  likely  lonent 
iitthnciniiiMtiftiinJ."— n'ruAur  U.  DmajcLLS, 
A.M.,JI.D. 


rai 


iOO.     On  the  Bile,  Jaundice,  and  BiliotiB  Ptseasee.     I!y  J. 

Wii-Kiuu  LK...i,  M.  1).,  V.  K.  ('.  S.,  AM>i^l;ll1l  I'liNck-iaii  lu  .Si.  Uarlltolo 
meir'a  Hospital,  nnO  Lt-ciiinT  on  PathnlugJcal  Anatomy  iu  the  MtKlical 
School.  With  IlttiHtralioiis  iq  C'hroiDO-litliogra)>hy.  8ra  719  jwges. 
Cloth.  »fl.00 ;  fliiveif,  #7.00. 

>■  Dr.  LcK^*  UMtiM  )•  ■  t«i]lr  snM  book.  fX- 
liITiiliotf  iBiUH-HM  iluliMtry  and  nuMitli,  Mid  filll 
of  valuable  inlufwrtkai."— JimWaiit  Aarnai  qf 
JliMtai  lifitiirt, 

"  It  aMOU  to  u*  an  wliauMlvt  opilMna  oT  i3X 
AU  ia  iatawn  on  tk«  tubictC"  — yjh'tuJtChUd 
JM>oii  /I<mi. 

*'  Till*  volutM  it  on*  •Iilrb  will  «Dinnm*d  pn>- 
ftauoiiiil  n*!'!"'!  iiMd  uti'ittinn.  It  i^  i<rHupt.  tho 
moot  roin|>ntiiciiiiiTo  aiiil  (ihau-tivr  IiDiill>e  DiwD 
the  ■iityiMt  traattd  «Tcr  poUuhad  i»  ih«  Eoollali 


^ .  And  kl  at  torn— «>i!^  wn  ftladlr  do— 
I  of  vodth  vblob  Iho  volume  lUcVaan- 
illikOMasvacrB  viat  daalof  labor: 
1,  (bat  odo  luJamiliar  with  II  would 
_  I  at  tb*  aumbn  <^  Ibct*  atid  itfttwoaa 
tba  book  MBtidM.''— JMfentl  ma*  oarf 
G^aHU.  Xooifon. 

■*Tha  lieok  l>  au  oxawdinitly  modona,ai>d.  in 
:Mmo  [loltila,  ve  doubtlf  Ittnuld  De  modo  better. 
.  .  .  And  mil  Tvniun  M  aa/,  oAer  an  atteUlTe 
panaal  of  the  whoK  (hat  any  no*  who  i«k«  it  la 
hand  Bill  derivo  from  it  bMh  tnfomutlnn  anil 

Eloaaoi*;  It  ^ve>  locb  ample  cTidenir  of  hopcM 
ird  wotk,  of  wlilo  raadlntr,  and  an  Innattial  aU 
tttnpt  lo  alato  Ibu  ni>«  of  jaiitidko.  lu  i(  la  known 
by  (iliKrvatioo  np  b>  the  prmtnt  'bt*.  Tho  book 
will  not  only  live,  but  be  in  the  en.!'?  uivnt  of  a 
viuoniiAviiiMDce  I'iqk  aflcr  wime  of  the  inr>rc  |w|>- 
Islar  nr»du>.1>i«l*  nf  tba  pnaont  a^cat*  hurlwI.iiBM 
lall  nojic  of  nyitirrvotion."  —  LanJon  MrJifat 
\lbairi. 
i 

■ThU  poMly  tome  enntaint  tha  IWloat  acoonnt 

'  I  aul^Mti  at  which  kt  trtou  In  th«  Enfllah 

fo.     Thf  liiMortoal.  •rlralMc,  and  piaMkal 

an  al)  (qnally  well  wartol  oou  and  V>- 

F^MlMr   oooftlinl*    a    tvpcrtnriiun    of    knowlnltfo 

iwhioh  no  pnammiH  «n  well  do  wtiluiuL  The 
nEnaCMivc  rbniuio-IIIhiMn>|<ha  are  bajoad  all 
|fnuM."-£i(t»««iyA  JTo&uJ  JawnaL 


'•  It  b  the  work  et  <mt  who  baa  Unwottfhly 
•tudlpJ  Ibo  lubjeet,  anil  nbo.  wbi«  bo  Hniif  iba 
DvhUiK*'  onnflintnc  Mi  dbpuln)  |ainte.  haa  ui- 
lonptnl  lo  w>l**  IM  proUsm  by  ejqitfunoati  and 
obaernolnna  of  bla  own"— hv  iWliaa  »■,  Ltndan, 

"  It  b  a  Tklnablo  woA  oT  mfoniHc  and  a 
wdNiinc  adiUlien  (u  modlcal  lltetalvrc.''— JMAa 
Jevrwtt  <f  JUJMJ  S^mM. 

".  .  .  Tha  ioad*r  b  at  odob  nnofc  wttb  Ibe 
ImnHoao  am'-uiH  af  nataieb  ctliltdled,  tho  ambor 
harini;  l«ft  nniint-nnwd  no  antoiblo  aoum  of  In* 
fiinnaliiia  oonaaMdd  wflb  bi«  wlgMi.  It  b.  Ln- 
<Unl.  a  TBiuabb  boak.  and  tlie  bol  saoKbooM  of 
knoitUihia  (n  lu  ^■rtiuoot  that  <r*  kaow  • 
Ai^  Jb«rot  ni4  Smr^tid  Joi-rmtt. 


APpr.Froy  Ji  oo:a  iilustbated 


LETTERMAJJ.      Medical   BecolleotionB  of  the   Army  of 

Potomac.     Uj  Joxatiiax  Lkttkkmas,  M.  D.,  latv  Surgeon  t*.  S.  A.,&iid 

Mcilk-al   Uirector  of  the  Anny  of   tlie  Potomac.      8vo.       IIM    pages. 

Cloth.  81.00. 

*■  Wo  rtnum  To  urart  tiut  but  (vw  who  op*n  thi*  roluinv  ur  luxUckl  aiiiul»,|ir(ieDani  ■■  Uxjr  m 
«1lb  liutniMi<ni,  will  cm  to  do  nUusrwIau  tliui  fiuioli  tluin  u  ■  ■liUutc."— JMiau  i^n^ 
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LITTLE.    Medical  and  Surgical  Aspects  of  Xn-Kuee  (Gi-na-T« 
gimi) :  lu  KvlatioD  to  Iticket^  ;   its  PrvventioD  ;  and  its  Treatment,  villi 
or  wilhout  Surgical  Operatiim.     By  W.  J.  Little,  JI.  I>.,  F.  It.  C.  I'.,  lot* 
Siiiiiir  Pbytticiaii  lo  ami  Lveturer  on  Slodiciiit-  at  tlie  London  II'»pit«l^i 
ViitiiiH);  Pliysidian  to  iht."  Iiifanl  Orptiati  Aiiylimi  at  Waii>itead  ;  the  Katl^H 
wood  Axyluiii  f<ir  IiliotM  ;  FoiiixltT  of  t)i<-  Royal  Onho|)ii-i)ic  IIi»[>itAl,  «U^^ 
AeMiHtcd   liy  E,  Mviiiiikxd   Lfrri.K,  M.  R,C.S.     With  cwnjplcio   InAtx, 
aiiil  illu«tralod  by  upward  of  50  b'iKun-s  and  Diagraxtia.    8vo.    101  |>agM. 
Cluth,  «a.oo. 

LORINO.    A  Text-Book  of  Ophthalmoscopy.    By  Ei»ward  G. 
iKo,  AL  l>.     Past  1. — The  Normal  Kyt,  IX-'tc-niiiiiatiuti  of  Refraction, 
Dista«e9  of  tlii'  Mvdia.     With  181  IlluHratioiiit,  niid  Four  Chroino-Li 
graph  Plat^a,  containing  U  Fignrc^     8vo.     £G7  pagc«^     Cloth,  $Sj 
SrvimM  or  luonuiioa. 

"  Thi>  One  v>A  ubolRrt;  mcL 

Ail 


i 


"Thc'ToxI-hnnhof  i<   i      .  i    ,[.y  Kd- 

"art  «.  l^riiiii,  M.  !>.,  j< ,.  :i  i,i„.i.J  v..  .-k.  ...  I 
mil  vvW  nleiiatd  n-Ith  il,  uD>l  an  Mliitied  Ihnt  It 
«ill  he  of  Mrvim  boUi  lo  Uir  luiu-lier  auJ  |iiii>U. 
...  Ill  thI*  liunli  I>r.  [.iiriiit:  liB*  ^Ten  im  ■  *ul>- 
■UuuInI  tsfo-ilioii  nt  Vt-uiTf't  dD»di  uid  lid*d<ed* 
•*  Uiv;  ar«  IniiinI  <rrilt4'[i  in  the  cyo,  and  tbi  kf? 
Irr  maaii^  <>l  nhii'h  Ibci  un  )« pnmpnil>en<led."— 
W.  B.  .Miirs,  A.M.,  A.M.,  lt'}f.iiKT  nf  Vvhtlat- 
(MlfM  «^  IMob>4t.  Vinninuali  Vttlt^  iJ  iliJi- 
4t»t  «tid  Svrfirr. 


if  c<QD  niay  ^lutlf  cadrntfa 
ilii>,iu  nnt  (on,  U  (leatliHvl 
nniiv  •  vImmio  In    iu   tmorh 
tjii'JIoal  lilfniTun.  t«in^  almei 
c  V  i.Topnvj  in  in  ^u  rrv'atEEKUl 

"  Dr  E.  G  l^riait  hM  viftm 
a  T(C7  talattilo  tnocg  Md  am 
■tilcli  ctory  phjaidan  >ba  wn, 

ar  ■l*li«  to  nw.  tbe  o|dilbaln»- 
K-i'i'T  iih'-uM  |MKdaa*.  .  .  .  Tha 
•""k  hud  •  nuicr  ofiWiaiiaMi 
'<  •  lor  U>  aMkiir.  m4  • 
I  ibefaoak-MMkei'aMtftf 
'  ;  ii:  .Libor.  So 4a  ■■  wo  lmo«, 
■I  kiw,  iu  Ibia  bfWM*i  of  njlitkal. 
iiii«  Miiaac*,  CO  c>)iial  is  tha  ^f- 
lUi  Imiffitgr."  —  SorUt  Cbrvfiaa 
J/idiotI  JoiifK^ 

'  \Mir>(iiili  .\iiiorfMa  MihUut- 

.1  I-  liuTv  data  mncn  (ool 

k   ^'»l  J.-  'viicit  ofcrafon  m 

•  .\i.'lUl  I  -  !>avcao«<«k 

uliii'lioii.  .:>■  WU-lMat. 

"  ''h  riiJiTi .     '■  ,  (nnnan.  i 

!'r.'[i.'ll     l-.i;:        It     ukM     Ih 
r.^i.E    lAiirciiririT'iir    nf    t^'ia 
to  dBiiuiii  ■     •uptttorlvt 

Bunr  <rf  the  ao^aillod   ■  *«i  f^lilT 

ini»oii>J'  whlth    ha'*  o|-'i'-  '.ring  tbc  J 

low  Jean.  Tliu  rfiijiU-r  dm^ni  t«  dlnrtM 
^  ludnit  the  o|ilitl<aIiticiiu.v|>«  c«r  ixit  In  buvU 
and  erory  (tndont  nlioulil  bw  aa  lamiliar  «i(Ji  111 
wiih  Ora;'*  auatomjr.  Tb«  ckMPtor  dBtniMl  i 
the  Auidiu  of  the  «To  U  luninMll)-  fttll.Miil  tha 
imrtinii  ilrv-.K.)  t'>  'anoBiRUsa'  caA  not  flill  to  ha 
uf  interc't  vvnn  I"  tba  apMUlM.  Tb«  IHlNpafb 
nrc  VHTfOLxl,  niMir  of  than  now  to  iiiifclliilliili 
IMt-b««lu.»-CV«n«7-if  JTHftail  OwtM*. 


CAfALOaVE  OP  MEDICAL  WOSSS. 
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ItUSK.  The  Science  and  Art  of  Midwifery.  By  William  Thomp- 
son LcDK,  M.  A,,  M.  D.,  Profeasor  of  Ul>»t«trk-!i  Mtd  DiseaMS  of  Woidcd 
ftud  Cbildron  in  tbi;  Uellevue  lloapital  Medical  College  ;  Obstetric  Surgeon 
to  ibe  JiAteniity  and  Emergency  lIoejiiialH ;  and  Gynscolcigist  to  tbe 
Belleviie  lloepilal.  New  edilioii,  revised  and  enlarged.  Witli  246  lUus- 
Irations.     8vo.     Clolb,  »5l(K>  ;  sbcep.  «6.00. 


SrifluaM  or  liLmminiMit, 


"It  t*  Wt  ft  tliurt  llmo  *lnci>  wa  IimI 
occai>iuu  b>  nvirw  tl>i>  Morfe,  ot  wliL'h  «• 
Wem  BUblilcil  Ivipcak  in  tjii  hii-lntl  tinni 
of  pnlM.    The  ri^d  biItidix  m  mint  >)>.- 

S.RnwiiteorcitBitDtrtciliMaicmititiiiitvlk-i] 
r  b  fifw  nJiJkJoua.  'J  iii^t^  Imvinff  Ih^co 
in»il<.',  it  mil  Iw  moflilviitli  rsiil  tlml 
Luak'*  luiilntfDty  >jt>1(l>  II  lii^li  |iIiiio 
uaaujpii  Aniurican  nuiiion,  mid  dmitvia 
to  Im  axioDslroIy  ciupli'viil  loir  rslvimvii, 
■ml  nc4miuM>dinl  to  itodmu  a*  ■  nlin- 
txlo  «ld  uDvnnllj  mdibic  ln1-t>ooh."— 
Outwlo  3Mitai  and  SirjiiMt  JoariutL 

"Tfui  book  la  now  bcjioiiil  ciilii'uiB, 
tot  il  ho*  bpMi  wutftril  hj  tliv  iiiicrrinf; 
indfinpul  "I  till'  sraiK  K>tl;  ^r  phiaidiiu. 
Wc  MC-ntiilBiu  Dr.  Liuk  upoD  ibu  rvworJ 
tat  Uw  luioiciuw  labor  hu  hu  buttowctl 
upon  It."— JV'mi  York  llniiial  Jatmal. 

"  U  runCBiuB  piir  or  the  bait  czpf:»iiinni 

of  ilig  oh«liliitf  »rirni«  anil  prsotloc  of 

tliu  ill}'  wltli   iiM-.-h    wv   Bra   ucjuaiutoil. 

Tlin>UichDUliliun(irk  Un-  iiuiliorahonaii 

[□tiiiintv  nxiuainiarMi  uirh  ilio  tiiantun) 

of  ol>«i*<ri.",  and  si'"  eviiiuofc  of  larRu 

[iraiiii^l  Mii'ilciiop.  gran  cllKiiislnatlaii. 

aii.l  wiiiiiJ  jii.litiiiiiM.    Wo  hoMlil}  neom- 

mend  III*  linoh  m  a  Rill  ami  rloar  wchoii- 

ll'  in  if  obaMtrip  •qudcc  and  Mte  iruide  lo 

Ui   iiniJenC    uiJ     pnutitlDiior.'*— XoailM 

iantrl. 

"Tha  work  U,|vrha]a,brll>riila[itttd 
to  Uw  traau  of  the  aludcat  u  ■  texl- 
book,  ind  to  lh(>  pracildoTMtr  B*  ■  (mtN 
of  rabrennv  lliuli  aili  'llisr  uiie  publt- 
CAllon  on  the  *ii)pe'-T.  It  vnntain*  about 
all  tliat  il  knona  ot  (La  an  etjMfitti, 
■Ui]  niiwl  adil  uniill}^  lo  Wlti  the  famv 
nriil  lortUD*  of  llu>  •tUtlDfUbtuil  uu- 
iiKir."— JlraA'ral  /IrroU,  XmiMviKi. 

"  l>r.  Luak'i  at^W  Ja  doar,  mnenlljr 

omnia,  anil  lig  lis*  aonncilcil  tu  pultlag 

In  !»■  (ban  •nvt'ii  litinilml  iiajiiaa  tliv 

bcal  oxpoaitidli  in  lti>'  Kiiicliad  UluruoBil 

of  obMctrlo KtcDct  BCilatl.    Tbu  ba<k 

will  i-roi-c  iutaliiuMu 

allkn  lo  Ihu  Militant 

aiulUicpnrtllloiia." 

—  .ImriDM    J*tnti- 

■'  Pr.  I-Uak**  hook 
It  iifninontly  viablv, 
Il  cm  lie*  lull  lo  Uv« 
uiiil  f>)>lnlri  lb*  bnoor 
l>r  0  HKVIld.  •  Ihiiil, 
iinil  Dobodjr  oui  ton- 
ifU  linir  mauy  cdl- 
tlona.  Jl  i>  Ibi- ma)  im 

Sirnduct  nl  itn-al  In- 
luilri  aiKl  acuu  ol>- 
•crvaliuM,  IliabjrfHr 
ibv  lUi  Hi  liamnJ  and 
llilMl  pniii|'li'le  rlpA- 
tJUon  of  lilt  fricncn 

■od  art  of  <Hatr>A!a  wtAtteii  la  Uie  EmtHih  lanimtitc.  It  la  •  book  ao  Ml  in  «i4i«lMf  «id  pnviical  in- 
(hnnaiiMi  thai  iiotnd)' practlolni  oliaMri«>  oiubi  ia>le|>rivc  lilnuolf  arilieiidVRiitasiilw  iaaan  in  |^ 
ftoiD  a  frequuil  roOHlfM  M  It*  paKM."— jaMnAia  Jcmri^  of  (MiMm. 


« 
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/>.  Appiero.v  <§  cv.*s  rtzusTRAT^ 


LUYS.    The  Brain  and  ita  Functions.    Uy  J.  Lrvs,  Pbysti'Un  to 
Ho«pira  4le  la  Salpvtri&rv.     Willi  Illiutntioti*.     ISrao.     Clotb,  ILSO. 

"No  tivinr  |ilifti<>l<iEl-I  i*   Mttr  tnlillixJ  M 

tknuor  tbc  bndn  tlinn  l)r,  {.nyr.  Ill>  tiiulm  on 
Ui*  MinMuiy  of  Iho  norr'nii  i>M<«n  uv  Khiiuwl- 
cdenl  tn  )>r  tlin  fullcnit  BU<i  iiiuiiT  ty•(^lIlBlil^  evvr 
unJoUiken." — M.  JiaiHti  U-aftU, ' 


I 


"  tt  i*  noc  loa  much  to  -ny  Ual  51.  Liii*  hat 
son*  niitfarr  Ihui  any  otlier  Iiiv**i1^i»t  loto  ihb 
rrtnl  ll*lr]  of  iRuJy,  anil  otiIt  (hiwo  wlio  n.T  •( 
looit  iliinly  awnM  of  tin  vun.  cbnofM  s^ing  on  in 
tbc  raUu  of  laydiDlaey  oin  ap;^ru«ia(o  ^e  in- 


inti  vhI  vi)unhl«  nra  lb*  clwptm  dentins  vidi 
|(i-iiwit  axl  pvolMifii  vl  MNBon.  Uio  drrelop- 
meiii  of  Buiiinifliic  uuriviiv.  nud  lbs  ■Im-tlftjocci 
of  ilM  nulloii  o(  imiMiitluy."— A»<Mi  £)mu'h 
7hn.ifar.  ^ 

"  Or.  LavL  bi  Uio  bwd  of  tlae  praat  Presck  h. 

MDo  AivluvTi.  u  ono  of  Uie  iurM  einilwat  mm)  uw- 
cuiful  ltiVMIi|n>Ui»  of  rI:MiI^■1  t^.,-,,,  n-r-v  ||f. 
ine;  Mid  br  hatirivm  u;<  '4tuatf 

■ud  imMt  intcieulDii  britt  1l<  (4iI» 

,       .  itninim  hkI  (^>cnitlun*  oi  iti..-  imm,   — jhpnto 

rarOoularly  liuoRai*    Seitift  ilomlUg. 


MAItEOE.     A  Treatise  on  Diseases  of  the  Bones.     By  Tito: 
.M.  .MakKhic,  M,  D.,  Prr>fi-»nr  of  Siirgvry  in  tliu  Colk-g*;  of  Pltytticians 
Surgeons,  New  Yurk,  clc.     Willi  nuniLTuuit  llltistratioD*.    8vo.    414 
Cloth,  U.m. 

Thi*  iBlttibl*  tTork  li  >  tmlbo  on  DlMuai  of  tbc  Bona.  fUibncbiB  tli>4r  itniolufal  <lumiM 
■ffbtfcil  ti|y^MM«.ttit)ir  oliniwl  billon  niid  ImaunvBi.iiirliiclini^  iiliout  Mmunlul  ihc  vsriouatiM 
nlLiob  (now  in  or  nymu  ihcm.  None  or  tlir  Ji/onVi  of  l^inc  an'  iiir'udivl  in  lUMopo,  and  no^'sidta. 
M>».  (locgitiiii.'  Klioiv  Ihp  Limditioii  -if  t)ii.'  l<n[>v  ui  m  priniF  Aiotnr  in  Ihe  problvni  of  dWoM'.  At  the 
woik  of  on  «uuni-ni  iufi^oh  of  Ieivb  ind  varici  ufvcrii^nui;,  it  iiiny  b«  n^fuiled  ••  Ibc  bat ««  ttic  Hib- 
Jmi,  uid  ■  twlmUn  cvutributluii  u>  niixlloil  lltaratura. 


annaai    i 


MAIJBSLEY.  Body  and  Mind:  An  In-inirj-  inin  ilicir  t'oonwiinn 
and  Mutual  Intlneticc,  espcriully  iu  r«forcnct>  to  Mental  l>t)iordera  ;  au  i:ii^^ 
larged  and  revised  edition,  to  which  are  added  Pnycholopical  EeujrL  B^M 
Uknby  Maudslkv,  M,  D.,  London.     I3aio.    3?ft  pages.     Clutli,  $1.50.  ^i 

Tbo  irraoral  r^  "1^  ^^'"  ""'^  '""J'  t«  dvurrtbad  m  bniiuc  in  \it^uK  aim,  bolli  in  bir  tJijainl  ' 
msntal  nbtiona.  aa  iniiub  »-•  piwtililp  wUbln  tbe  wrnpu  of  wlriilinii  Imiuiry. 

"ManT  uid  valuabln  boolu  hare  bvn  <nitton    Tstloni  bvyond  n  •minoiineof  dnrnM'^'  >fi'<i 
l>y  Knicli'h  t>'iy*iriiiii>  on  [dmhUv,  i-llocy,  and  >tl     oyy  1»rn<d  ut  t^'lltir*.    IVi  oirvd  n  r. 
inv  r(iruiFc><  inViiUl  iibn-nli'in,    'Rut  •JiTaniC«i>»nt     balugrii  Ut'<  I'tyrbol'^uy  and  tlif  t't 


fniml,  or  mtlicr  |.i  cmnlnirt  a  ha-U  im  [■•(•li  .ni 
rommnn   •f^iuiii.'c,   i<   Ibp  aim  of  Dr.  Uaadklcj 


hHil  rilmyi  bii'n  imtcJ  ok  *  lij-tiud  •ubjvt'l.  and 
Ibi-refore  oiuptrimlly.  Tim"  llio  [ihcnpimi-nn  of 
aiunJ  anil  uiituund  nilnpit  an  ant  niatli^n  of  dia- 
ling iim-liuBtioti.  but  ii>i>|iiirat>l«  |>an«  of  oat 
and  (he  tmnii?  tiit|<itry.  -rvm*  n  tntiiin  hh  ■'■xi  ih 
ttnUxL     But.  atmiiitv  I^xny.  tlicr  bud  aNnyii  bvi-ii 

Sumued  uparucly  nnd  bmi  iii  Ibu  liatlda  of  tno 
i-tlnit  elauui  ni'  iiit«i1£ii|iti>.  'I'ho  loflclaru 
and  motarliyou'iniv  'x-'-miouBlly  borroa«>l  a  atny 
IlKt  fhnn  llii'  ii*iiio<l»>iI  mea  iminnI1i>d  by  tfa* 

nwdlcal  ixul)ii>ritU'« ;   hm.  Ihe  pbytloian.  on  th>         "h  ilu^nrtly  inirka  a  >!■[•  in  tlio  jim 
other  bond,  bud  no  tticomclosl  clow  to  bl*  vbwir-    of  adcntiO«  fJeba^ogT."— Jit  JimtitioKt. 


"A    ittir»«mi«ti»i'    i"«k,    nhioti   rrrn 
(ciiiat   (tniq^   aim  da«n«  to  know   *h«t  la   .. 
iai  in  the  vay  et  icd   vfow.  "od  out   mm 
dinilcr.  aboul  msncal  {diyilaUigy  and  |>attioliicj." 


ISAUDSLET.     Responsibility  in  Mental  Diseases.      By  IIenii? 
Mavoslky,  M  !>.,  Liiml'^n.      I^mu,     :tKI  |iiigt».     Clnth,  f  I.flO. 

"Tb'i*  book  1b  a  compact  jutn'tiriul.-P!.  of  ilin-o  nil  pba««  of  awial  trlation,  in  wbtdi  ob 

(aiM  and  )iriii'-i{itiui  \%\Mi  n^itiin-  lo   liu  tnki^n  i-nlcr*   u*   an   tbtmonu     Th«  work    i*   nvw 

Into  avooutil   in   <MliPTinfir>^  liiLrTLn'L   rx--]KiiiAi4>[]Uv  plan,    lUtd    wa*    wrilUn    to    rupjdy    a    Wid«-I 

—not  logal  napousllHliiv   mi'itly,  but  n'ronoi-  want  vliicb   bo*  not  bitluna  lita  incL" — li 

bility  far  condnot  In  tbo  Ilunlly,  Uio  aDliiml,  nnd  Ibpmtar  StWMu  Mt^Mg. 

MATTDSLEY.    The  Pathologry  of  Mind.    Being  the  third  edition 

the  Second  Part  of  tlie  "  Pliywiolngy  and  Pathology  of  Mind,"  rcfaul, 

larged,  and  revriilen.     By  IIi^Mtv   JIaipsi.ky,  31.  D.,  London,      lir 

fiSO  pages.     «3.00. 

CV^.VrjT.VTS.— Chapter  I.  Sloeplnn  and  Dronmltut:   U.  llyHmUini,  Somnanbullam,  and  t 
Sutaa;  III.  Th«  CnuwUoEt  and  Prevention  of  Inuully:  (A)  Ydoloflal;  IV.  TLa«uMc«oti*n 


Tbf  ni-w  loiitrrml  tnv1u<l«  chkplan  on  "  l>rai»iibi{,"  ■■  H'liutliliibillitiD  anil  itt  AtlM  SUIn,"  Uiil 
inift  nJdiuoDi  In  Uia  rJiailUn  tin  t!iu  "I'MiMEJon  nniJ  I'Kicutiun  of  lumnl^." 


"  UiKinvMlarubly  mc  of  the  abliMt  onJ  nioti 
Imjnnant  wnths  oii  th*  iuI^miI  of  >h!(tli  it  utau 
that  liM  over  a|<Ii«Dti,ul,  anil  iloo*  (voilit  k>  lii> 
phlloaoptilEal  ncuioen  ami  awunto  obwrvalion."— 


"  Dr.  MmcU1»  tua  hMl  Ifa*  conrwa  lo  uni3«i> 
tnk*.  anil  the  hIiiII  tit  «icwii(*,  Bfatf  h,  at  leaM  In 
EiijclUh,  an  oiiiHiMl  cnlnprlM."— £oaiA>«  Atiif 


MAUDSLET.    The  Physiology  of  the  Mind.    Being  ilu-  Firat  Purt" 
(if  ;)  liiin!  edition,  iwiat.!,  i-iilaryi'il,  aijij  \n  ii  gr<.'.-«t  jmrt  rcwritlt'n,  of  "Tlie 
Physiology  and  Palliology  of  tie  Min^,"     By  IIicMtr  Mal'dsi.et,  M.  D., 
London.     l'2oio.     547  p»gc«.     Cloth,  t&OO. 

rO.Vrff.VTX-Chnptcr  I.  On  iho  Molbod  of  iLo  Study  of  \ht  Mind :  II,  Tho  SHnd  rniil  iliu  Ni-t- 
vniw  Rj'liim;   III.  Tho  Spinal  I'oni.or  Toftlary  >'ori«w  Oiitrr-  :  "r,  Ntfiv-ui  Ootewif  Kpflct  Ac- 

V.  llvmUplifriait 
Piimsry  Ndivodi 
\orvoii»  Cvnttra, 


'■Th6'I>hrrioli«]rur(hklj;n.l,'brDr,Maad»- 
loy.  U  a  TcT<r  onimilnc  mtunii;  tu  nod,  a*  It  ia  a 
fnHli  and  visaToni  ttaCemmt.  of  Ibc  ilocMtln  of  a 
ttntwldif  HTii-ntlllo  tchool  do  n  «abji.-ot  of  tranmn- 
dsat  monwnt,  Bn>l,  Ikk'hIui  niaii;  nuw  boH  anil 
Important  viowa  trouj^lil  out  In  (lio  text,  i«  ru- 


rioliHl  br  an  inrinietiTe  ilhiplay  of  aoit*  nnd  qao- 
tuion*  mm  aotlioillstlTV  «nlcr>  upon  pli.i  iloloiiy 
and  ptjchnlnK^-;  and  tiy  Uluatiatlro  oMv.  ohivh 
add  ninU'riall  V  tii  lliv  iulOR*tortli<>  b»ok." — thpu- 
tar  Sfittfr  AmlAlf. 


t  McSHEBBY.  Health,  and  How  to  Prconote  It.  By  Richakd 
McSitEKKY,  M.  I>.,  Profcwrtr  of  Pr.i<-tiwi  of  Medicine,  I'niverHity  of 
Marylaod  ;  President  of  Biiltimorc  Acsdemy  of  Mc^licine,  etc  tSnio. 
18S  pages.     Ctotb,  «l.25. 


"An  adraiiahle  prwlnodon  which  ■lionld  Rnd 
Ita  witjr  into  ever)'  Gunily  in  th*  nvintr^.  It  torn- 
prbaa  a  taal  tcoouM  or  the  mn-l  Taliublf  maltoT 
•xpraMiHl  In  doar  ami  tent  UnoriuuD,  and  the  aub- 
JMto  of  tthloh  It  tnau  are  of  tli«  detMtf  iMcreil 
lo  cnry  human  brinic."— Avf.  8.  U.  Okon,  ^ 
J^trw,-^  UfJkat  OJUf*,  mbii^JHa. 

"On  th«  wlio1a,thlililiU  book aMon  to u **I7 
mil  adifitivl  to  )u  |Hirp»«,  uul  irUI.  we  hope,  havo 
anidc  oliculatioii.  alien  It  cMi  not  ml  todanneli 
iPKkL"— .(n<r<M'i  Amriml  Iff  Ii*  tttdittl  Sotn€m. 

"Ic  it  the  werk  of  on  able  phj^iidw,  and  U 
writtm  in  •  (Ivla  1  hioli  all  poogile  can  andcnlaiid. 
It  dsab  with  lirnrtlogd  tnpige,  and  it*  M***  mn  ■*! 
fkrth  m  polntflljr  m  to  make  an  impnadoD."— 
TUf  iitJ^HMitt/it 


"Tlil«ban(Tllitl«baokaruSmP>iAil1  at 
icerii  vdrlM  and  itnpoitant  •ogtKil'Onii.  and  writ- 
ten io  a  five  and  cvy  ttjrls,  which  civra  out  In 
cnnliMUtid  hnmur  and  orvpnnH  by  whidi  llt«  nd- 
vioc  la  Ma>«nod,  and  which  nndor  the  Radian  of 
diA  tflnk  a  pluMM  pnlinu  tn  alt,  wh«tk«r  nrete- 
fioaal>  or  ixai-rinilhHionaU." — (kimJiait  lAmniaf 
^  Mi-liftJ  liri/Aft. 

"  It  oontaln*  d  srral  deal  of  oairful  l&funn«> 
don.  Mated  in  a  vrtr  (iin[-l«  and  atttKtivs  wny." 
— JhJriUHf  atrMt. 

"Tbu  It  nnc  iif  Iho  b««t  popalar  oaMT*  on  th* 
•nlijett  wi'  havo  over  »«n.  it  1»  alioit.  dnir.  pod- 
(l<rs.  •oniil'ln,  biitflil  and  0Dl«rtalnliig  In  tl>  u;rta, 
nnd  n  a*  fidl  of  pnictioal  auimaliun*  a»  a  nut  la 
full  «f  inni."— Xjfmry  WtrUL 


TSrETTEli.  Oalvano-TherapeutlCB.  Thi-  Pbysiologiea]  and  Therapea- 
lic-iU  Ai^tioD  of  the  G^vnnic  Current  apnn  Iht-  Acoti«tio,  Optic,  Syiiipa- 
tbetlo,  and  PnenmoRaBtric  Ntrve*.  By  William  B.  Nkftil.  Fuurth 
edition.     ISmo.     161  pages.     Cloth,  91.50. 

Tbl*  book  ha»  been  npubllatiod  M  Ui*  t«qiM*t  of  aevaral  aural  iDrnrcin*  and  other  jmhaaional  cm- 
t)«n«D,  •ad  b  ft  ralMblo  trcatiH  on  the  *ulin«ca  of  wMoli  li  tmnf.  Iw  anLhor,  Ibraatrl;  vlaltinit 
phrtMan  to  the  lama*  hoi^tal  of  Si.  Patcnbgix.  haa  had  tiM  vory  bvat  loi-lllti**  for  InTceUfailloo. 


"  TU*  litUo  work  (how*  m  br  m  U  r>*^  AiU 
knowltdt*  of  what  ha*  hrm  dnno  on  ttio  au^eMa 
tPMMil  rjf,  and  tbe  anchor's  prociiMl  aoanaititanoii 
with  lhop."-.V«f  >V*  JfnifojJ  vt-r*»t 


''Tho*awh»na*eI««rtcitT  -ln■ul■]l^'l  thi«»urk, 
mil  tiia**  who  do  nnt  ihould  iienue  it  to  IvHm  ihni 
tlMnliionaiM«»tbcr*^uiiniliarnit1int  iboy  cauM 
■nd tbotdd  M*a«o  "—  T»*  MiJtml  l-t^iynlor. 
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NEUMANN.    Hand-Book  of  Skin  Diseases.     By  Dr.  Iaidok  }1| 
iCAmt,   Leirturcr  on  Slun   Diseases  iti  tbe  Kojal   Univeraity  of   Vten 
TnuLilaUd  from  the  (jvrman,  M-coiid  eOilioii,  vriUi  Xotes,  l>y  Ltrcivi 
Bui.Ki.KY,  A.M.,  M.  D.,  Surgvon  to  iho  Xow  York  Otxpfnury,  I>« 


mciit  of  VciK-n-iil  ami  Skio  DiHoaMM  ;  A^M^tant  to  the  Skin  Clinic  of  It 


Collepo  '.>r  Pbyeiciaii!  and  .Sttrgvons,  Nvw  York,  etc.,  etc. 
and  00  WoodcutA.    Clotli,  •4.00;  sheep,  ft&.OO. 

I'rnf.  N^<lrllnlltl  rwihn  uvoiid  only  to  Uobn,  it||i»«  i-iiitunt  Im  wia  for 
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ITnr.  N^<lrllnlltl  rwiku  uouiid  only  to  Uobn,  *Iii»«  viaiitiuil  tin  Via  lor  ■■Bjr  Tcar%  Mi'I  hb  •««■ 
mii.1  br  i.tin*l JiTitl  m  a  (nir  *tiviiii<iii  cJ  tho  Owinaii  |irac(io>  or  tlimnuoll)^.  Tfan  u»k  U  •bundiullf 
iI>ii.Ii&Ud  will)  iiliilw  nl  ihn  linkJoirT  and  |ulhnli>g)i  of  tlie  Ma.  The  ttMaliMr  ha*  odiTOred.  1^ 
incui'  or  note*  Ron  French,  Knxtltli,  <lucI  Amoricon  MiureM,  [o  make  tlie  trerk  v*liubl«  to  Ih*  aUiiMii 


t,%  well  u  to  Uio  pnwtlllancc. 

"  It  It  k  Wrtrk  irhitJi  I  •Ijall  hi«nily  rrunmtnvii  J 
tamT'olBnof  attidcntnot  IlivUnivrr'ity  »r  Pruiifi.vl- 
vuila.and  one  nlilch  [  fMl  rare  will  dn  much  b>- 
winl  (iiili<iliEcn>ii^  iha  ptorawlos  on  thb  inb- 
Jovl."— i^Hu  /I,  IMrtuf. 

"  Thore  citrUlnly  l>  no  work  cxunl  «titoh  dnaU 
•0  llimuucfalj  wilh  Uio  t^iulonlekl  AiiMon;  of 
the  Shin  w  doM  thit  bmnri-baak."— JKiw  fori 


"1  hari  kiratdr  >"Icb  vlprontd  in>  isronUt 
opinion  of  th<  book  In  iiriM,  u>d  aat  ylad  ilBililt 
^a  to  til*  piiblie  u  iMt"— JlHM*  {■'.  IfiiK 

"Mora  tliBO  two  }Mi»  tgo  ««  nedotil  Dt. 
KeuawtiD'*  tdminblt  nark  lu  il»  origliial  (ht|*, 
onJ  wa  uu  tbcnifbrc  ohtolivd  Aoib  tlia  iHio^Uf  rf 
ujlru  mor*  llwn  to  njVBt  nor  •tfonc  raMoiiiwrii- 
Uon  of  it  to  Eagllkh  nvlDn."— AwMMumt. 


4 


NXEMETEIt.  A  Text-Book  of  Practical  Medloine.  Wiih  Pu- 
liciiiAT  itc'fvri'ncp  lo  I'liVHiology  >n<)  P.ithd officii  .\iinU>iiiy.  Uy  the  l^^J 
Dr.  Fri.ix  tok  Xiemkvkk,  I*rofe<wor  of  I'atliolog}'  an<l  Thera|ieuti4j^| 
Director  of  the  Medical  Clinic  of  the  University  of  TohinKeii.  Trms- 
Uiled  from  the  eighth  German  edition,  by  sjiecial  permiMiati  of  the  nut 
hy  Qeorue  H.  HrurHRETs,  M.  D.,  onv  of  the  PhyMmnn  to  Triii 
lofirmani-.  Follow  of  the  N<!«f  York  Academy  of  MediHne,  etc, 
CnABLK^  K.  ll.trKi.Kv,  M.  D„  on«f  of  tliv  Phynimns  to  the  New  Vu 
llmpilal  snd  Trinity  Infirmary,  otc.  Roviwd  edition  of  I860. 
1,62H  pages.     Cloth,  10.1)0  ;  diecp,  tll.OO. 

Tho  aullior  nnd(indk<».  llr.1.  tu  irlvu  a  pu'luro  of  diiiciu>«  wlilrh  ulintl  bo  •«  Efo-tik«  and  lUttind 
Dflliini  M  pAMllil^.  tnaEflfl  "f  In^irt;;  a  im-rv  uif*rciivA\  rclicniv ;  Ai^pfin-lh .  <mi  1.>  iililin  the  lu^n 
advanm*  nf  paihologinl  Dnai'>in}',  |iliiii'>1ojy.  and  |>liT«i'i1o^i[«>  olieml-ti;,  ti  to  l>inii>li  a  ulck 
■iglit  into  tbo  vNrioiu  pnwc»c>  or  dituiuc 

The  vork  luw  mci  ntch  Uio  iDOdit  fliltortiiii  raeopdmi  and  daurm  aucMw;  Imii  bt«a  adoptAd  »  a 
Icjii-biioh  Iti  iiuny  of  iho  Diuilicml  Mlletnu  both  la  ihl*  onunlfr  find  lo  Bumpo ;  Md  tiaa  i«Mlv*d  ft^ 
very  lil|[hnt  ancomiuiiui  from  ll>a  mnlioal  md  xinilar  pma. 


"  Tlita  new  Am«ri™ii  odlli"ii  if  rcivmojvr  fully 
■iiKidn*  th«  raputalioii  nf  prvvlnii-  ini<ii.  iiid  mi^ 
b«  nil»ld«nd.  ■■  to  itylL'  nnd  iiini(.;r.  •upcrior  In 
niiy  traiuUiktlan  Uial  rould  liuvu  Iwen  niaJo  frum 
[tio  lutonl  0«rmiin  mllclon.  U  will  b*  itml)wol«l 
liint  >;»<«  the  dvnth  of  Pnl,  NWu'Vi-r.  In  ISTl.bi* 
work  tiu  hpfa  cdilcil  by  Dr.  Kiijutiv  3r;W.  Al- 
Ihi.uilli  Ihc  Intlfr  (^rntlcrmaii  fiiui  made  mnny  idJi- 
ti'jtn  mid  chnnyi'*.  lie  hw  ili'«liw'rd  lUFOiowTnit  Ihc 
Individ  nil  lily  of  tbu  uriiriiiid.  The  Atin'riran  i.H- 
t-iW  Imiu  mI-iiI*  n-ju-lvw]  lo  pre«tT«  tli«  ilvUi  of 
Ilin  uiilhiir,  nnd  adhere,  us  oloacly  as  poullAc'.  to 
Uii>  indliirlunl  vicim  and  bin  paninilar  Mylc.  Ki- 
tra  anlclcii  buvr  Ixvn  iiiiu<rtrd  on  chmnL-  aliiihol- 
Uin.  mortililii'iioiirininir.  paralyint  niriCanii.  *cl«m- 
donna,  tilniilioDtln^U,  proCTC'lvc  pDrniciout 
■ntrniiu,  nnd  a  clmpCiir  on  yvltow  ft vcr.  Th«  vork 
la  well  printel  u  u--u*l,"— iffolWt  ItMwii. 

"TIio  dial  inqnirr  In  tliifnimniry  rejpirdinir  a 
0«rman  bonk  epiirnlly  if,  *  1*  I)  n  work  of  pncri- 
mI  vatiwl'     Without  ■inppl'W  ^  rantiitcr  the 
Uea  of  ihu  *  i 


■Dswcr,  'It  yy-~. 


1 


Justnow  of  tho  Aimitcan 


'practlool,* 


linelT 
JVvi  Midiful  Joiirwl. 

"  li  l(  caiuipnli«a)iro  and  tondw,  and  b  c4ur- 
ai-uiRMd  bv  doarntM  an<l  f^ifitaHitj," — iHilU 
i/utrltriji  .ytanal  of  iMMn*. 

"Icc author  ulcanwd  in  mnDod  UWnitnro;  bf 
hoH  amiund  bl*  maluto]*  niili  care  add  Jute- 
mtini.  nod  bw  ibauf  ht  or  them." — JItt  lA*ji£ 

"  Wlillrj  of  oourao,  ■«  can  oti  undcnak*  a  n- 
ficw  nf  Ibio  tniniviua  work  of  aboul  I,t0(>  (•(•• 
in  a  jmininl  of  tlir  t>ixc  or  mm,  «g  moj  aay  lEal 
V.  D  liniD  GUmiocd  Iho  volnnoa  itry  aanftill;,  M 
to  ubetbiir  ID  lecoainioiid  ilicin  xa  pfartidnnim  sr 
ii"t ;  niul  wo  KK  triad  to  Mv,  »lut  K  nnhl  rcvk*. 
■Buy  tlin  liook.*  Tho  ebspicn  at«  iiuslBrl!; 
writlcii.  Ttrv  tvnoa  and,  Id  tho  mlp,  IvUl 
■snumcc*  an-  u>mI.  Fenoiial  «ni«TtMios  I*  it- 
oonlod,  wii),  Biif'ivr  ■Ubinoiit  'f  Ku't*  aiidj' 
TBtiotW  l>T  otbi't  aulbxr*  who  »■ 
Tonr  rxraUrTil  iii.lcx  i*  ndded  Ir  ' 
which  hein  nry  ii>ui-b  (br  il 
IVpf"^  i^fnl  JAMlUfF. 


OATAtOQUE  OF  XEDICAL  WOHKS. 
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NIGHTINOALE.    Notee  on  Nursing:   What  xt  k,  axd  what  it  is 
Kor.     By  Fi^xKNCK  Niuhtixoalk.     ISmo.     140  [iag«s.    Clotb,  70  cents. 

TliOM  notw  »n  nMot  to  gir*  Unu  Ibr  tboo^l  to  UiOM  who  hav«  iicitan*)  ehanc  of  tlia  b««ltli  of 

BrtEry-daT  unitoiy  knxstrdr? ,  or  tbe  knoirlcdn  of  nnndog,  or,  in  otbar  >onI»,  of  bint  to  put  the 
•odHII'iUoo  In  ■uiA  ■  itaU!  a<  ■hat  It  will  Imii.-  no  il)*eaw  or  thai  li  out  noovsr  Qom  Ambm.  b  tsok- 
dImiI  mi  ibo  knovtddgt  whLoli  firur;  oiiv  uujiUt  to  havo— dblloiA  IVon  «Mdiml  ksoirl«di|^  wMdi  only 
a  pmr«u<ioii  Ma  liaT«. 


OSWALD.    Phyeical  Education ;  or,  The  Health  Laws  of  Na- 
ture.    Bjr  Frux  Ti.  Oswald,  M.  D.     ISmo.     Cloth,  tl.OO. 


"  Dr.  <>»vald  U  a  mcdlcDl  moa  of  IboMUnh 
pnfiMiktIo'i  anil  \tu\K  i<r)f«ulonal  cxparianoi,  uul 
an  Gtten>W<>ly  irnvrlci)  •luJant  of  Qatart  aoil  »r 
mOD.  Wbile'  In  rtiv)[v  nf  a  loiliUi?  ha*)>iul  al 
Vara  Cnu,  hi>  o*a  hanllh  brokn  iotm  fhim  lou; 
MCpoMiTe  la  a  malarial  nvion,  and  be  then  Mnidt 
tat  ttia  BlwdcuD  mountalna,  vhorc  ho  Iweanio  dl- 
FMtor  oT  BDnthoT  mnfitvl  MCahlinhinvnl.  Il«  hat 
alwi  joamcfod  Filfiuli'tlf  In  EiiMpv,  Soulh 
Aniir»sa,  and  tho  Voiivd  SiaIub.  bocI  alwaj*  ■■  ■'u 
■>p*n-«>w.  abaorbnd  obNOTor  of  nMuni  anil  af 
iMn.  Tbo  'fhrrioil  BduoatioD'  b  ooo  of  tha 
maM  wbobaomo  ami  valuablo  booki  that  hare 
oiniuiDUd  froitt  tho  American  pnw  In  luinr  a  Any. 
Not  iscAj  tta  crorjbod;  uDil«r>IaTul  It,  and.  wlial 
U  mtm,/*il  it,  bai  erartMlv  Uiat  wu  li  will  b« 
oartaln  tn  raail  anU  r*-rmul  il^  Wr  narf  knoim  nf 
Iho  i^witivc  nod  inoat  Mlutary  iiifluFiio  •>■'  Iho 
fopan  B>  Iboy  aoptand  In  tbo '  KontUf ,'  and  tbo 
encnaWo  dcuiaud  Gv  duSr  pnblteatlon  In  aaepanto 
Ibrai  alioiiii  bow  thvjr  hav*  b*«rn  Bp|ir«i-1at«il.  Ltl 
Chuw  wtici  ara  atilo  and  wiah  M  do  eonl  buy  it 
whl^le•■k  and  cItd  ii  to  thoH  loon  abln  to  ohiaiTi 
il."-  TA*  Ay>*^  Sei'nf  JlanllUf. 

"Hotew*  han  an  ioVelU^nt  and  Miulhlo  tnal- 
atoMef  aanbjootof  |R«at  itnporUnoe,  lis.,  pfajrai- 
oal  oduMlioa.  W*  itn  the  headlnija  oriciaisoi 
tke chaptMH,  *to- :  Diet;  tn-Jaor  Lire;  Oui-itoor 
Lift):  OTnunwdm;  flnthini::  Sleop;  Ebcnatlan; 
Bcmadlal  Education ;  Ilf  irlmic  Pneaationa :  Pop- 
ohir  FalluJH.  The^  tapla  an  dWiMaed  In  a 
plaiu,  tiMnmon^aniio  itjlo  lultod  to  tbo  populit 


mind.     Book*  of  thii  chumrisf  ain  ool  bo  too 

wlJol)  road.''— .Ittiiuj^  (,V.  J'.)  Ar^f. 

"  i>r.  0»w«lil  i(  an  G|>iKnn]nut>o  <f  KroiTf-n, 
na  nrnry  a*  UontaJune,  and  aa  onu-tlo  oa  tlf'iir. 
And  yet  be  la  a  pionnunocd  Tn^tloniiii,  IHi  flnl 
ohapWr  I*  doTolM  to  a  condJenlton  ot  tlie  diet 
•uIiaIiIo  (br  bumMi  bulnn  ■nd  intmilj..  In  Clia 
nnt  t<ro  h«  enntraata  lilMn  and  out  of  doon.  Ha 
then  Rivra  Ida  idna  on  tho  tubjetuof  gjmruutlca, 
clolhlnB,  alcop,  and  racrcatlan.  lie  wugifot*  ■  aja- 
t4in  of  nracdial  cducalion  and  hyinonlc  pny 
oBUtion*.  end  hs  cIo*m  with  b  dlalnlw  asalnil 
popular  nllinav9."  ^miaMpKit  /tiai. 

"  Il  la  a  good  aljin  that  books  on  phnAml  trnln- 
ins  iDUlliplif  in  thv  atfo  of  OMnta)  alralBinic-  Uf' 
Fplix  In  (>*«u1'l,  Biilhor  of  iho  above  book,  may 
lio  noinewliat  awccpln^  in  bu  ataWiDEnla  and  bo- 
ilsfa,  hut  erery  wrllor  who.  like  him,  olamor*  for 
almplu'ltv,  nanralDeaa,  and  iTugaltty  la  diet.  Ihi 
frmti  air'and  n>pioiW4BtOTti*«,iaa  hrnofai^or,  I.et 
tbo  dyapipliv  oud  Ibme  wliDar"  nlwny-  lroiiV>U)ijr 
themit'li'c«  and  their  IVlcndn  abnut  tlittlr  manirold 
ailiuenu  t^ikv  Ur,  (Kwald'a  advin  and  look  mot* 
to  lliair  alliuunt*  and  Ibuii  cxurIm." — Ant  York 
fftntd. 

"  One  of  the  beat  books  ihnt  cnn  be  put  in  the 
band*  of  Touns  nen  and  women,  it  I*  vcrr  liittf- 
•fliiiic,  fbflof  faHa  anrl  oiie  aumfirttoDa.  11  pulata 
out  nretbid  refnnn^  and  thii  way  wo  can  boooino  a 
tUotia  and  htklcfay  ptople.  Il  deatrvM  a  wide 
draibtlon."— AuAin  tbnimoNvnfU, 


PEASLEE.  Ovarian  Tumors;  thsir  PATnoLaoY,  Diauno«i&,  and 
TiiEATMKNT,  WITH  RKruuicsrr.  iMrKCiALi.y  in  OvAmnToMT.  By  E.  B. 
PuaLKK,  M.  R,  ProftMor  of  DiitcMi's  of  Women  in  Durtmoulh  College; 
formerly  Profcesor  of  Obstetrics  and  Dificases  of  Women  in  tliu  New 
York  .^iedioal  CoUeije,  etc  8to.  MI  paged.  lIlHstratci)  with  rnnny 
Wooiifiits,  ami  a  Sleel  Engraving  of  Dr.  K.  McDowell,  the  "Father  of 
OTarintomy."     aolh,  $5.00  ;  ■hecp,  ««.(«>. 

Tbia  raluable  work,  omhrarana  tho  nwulM  of  mnny  yo«i*  of  enocistflil  (aprtttoea  in  the  departmonc 
of  whloh  It  nniB,  will  preee  mort  actcpwbU  lo  ilie  ontin  eMthadoa ;  wUfe  the  hi^  elaniUnc  uf  tli« 
author  and  bU  knawladn  of  the  lutjeM  ooBblne  to  make  uia  book  lite  beat  In  the  laMpnaK*.  fully 
Uluatnl«l,  and  ahnundiDs  with  bifbnnation  tha  mult  ot  •  ptnloniiwd  alud^  of  Uie  «Dtg*«t,  the  w«t]i 
aboald  bo  In  tbe  handa  of  every  phyiidui  in  the  oounlry. 

"  We  deom  )l*  eoreful  iwrUHl  bnfofi*atbl«  (•> 
nrian  tumon  with  a  xeod 


"ln«IoBlfnoii»m1oiTo(thUwork.«oeon  not 
avoid  apia  nvprtMlnu  our  appradalfon  ef  the 
tboroujtn  etudv.  tha  rortftil  and  honmt  ataunionbs 
and  candid  aptril.  nhlcb  chaiioleriM  it.  /or  /A* 
uM  0/  lii  Mtujfl  Iff  lAoM  girt  iXt  fnfwtnm 
lo  Dr.  fkuU/t  iHirt,  *at  »tly  ftwm  ilM  tnmpttl*- 
naM,  M  /rem  Ut  awr*  •anfiUifaAil  onrviipnMa'." 
— JuMTiAiK  JCrwra-il  tff  iXt  Mtdic*i  Seinti*. 


all  who  vontd  trant  ovl..  _..  . 

war ience."— jlniirfivi  ■  Junnutl  qf  t)ttMfitt. 

"It  >how«  proHitral  iiidurtTJ,  and  ambodlca 
wtabln  llB  Ivo  bondrvd  and  odd  pajoa  pnItT  niueh 
all  that  aeoma  woith  knowliut  on  lh«  asUiHa  «f 
ovariiB  MMmm."-PUIadMUa  Mtiittt  llmm. 
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PBREIRA.  Dr.  Fereira's  Elemente  of  Materia  Medica  and 
Therapeutics.  Al>ri'l<;c<']  and  atlapie<l  for  th«  Vae  of  Medical  and 
I'hannaccutii'Al  Prnditioncm  siid  Students,  and  oomprisiiif;  nil  tb^  MuJi- 
i-in«8  of  tbo  British  Phumacopcsia,  with  so<^h  others  lu)  are  frequently 
ordered  in  PreHcriptioitK,  or  n-qtiirfil  by  the  Fbyttii^iuii.  Kdited  Ity 
RoBF.RT  Hkntlet  and  TiiKoriiiuiii  Rkdwooh.  Kcw  vdltiori.  Brougb 
down  to  1972.     Royal  8vo.     1,1)93  pagvH.     Cloth,  ^.00  ;  >tlu-<-]>,  tc^.ua 


PETER.      An    Atlas  of  Clinical    Microsoopy.      Bj  At-Kx^soi 
pEYEK,  SI,  U.     TranalaK-d  and  i-ditwi  by  Ati'itici)  V.  GiRABn,  M.  D.,  AsT" 
BlHtiinl  Surgeon  United  .Staton  Army.      Fintt  Ainericiin,  from  tbe  uaDi^ 
Kcript  of  Ui6  wcond  German  c<litiun,  witb  Addition*.    90  Plates,  with 
IlluntrAlioii^  Chronii>Lithogrr^>h«.     Sqiiaro  8vo.     Ctotb,  $6.00. 


'<  All  (Fho  *n  intcmtril  In  dLnknl  mli-mMipy 
will  bo  fi1(*HiJ  "till  the  detlim  tad  cvmwioa  of 
till*  won,  uul  "ill  Th.!  uuitcr  oUiicntiuii  lo  Uiu  iiu- 
liuir.  tnnaliitor,  Dn>1  j>aMiiiliBnlur|iliidlia»>  vmIu- 
•bio  >  warli  in  t)ii;>r  Imiiclk    The  fiUlia  tn  whloh 


pnfo  hi 


oint  ef  tivam-f  nf  iI«t>H  uiJ 


n   f<t 

cfTtfot    wCtli    tliv    w<vk    uiidcr 


"Than  b  innbftbljr  im  work  In  Mtv  liinawii 
thai  irlll  |>toT«  of  w  muoli  ntl  •<tTvioc'l»  lli*  w- 
i:iiiTivr  ill  oufcnMorj  n*  tbr  nno  Iipfcm  ii-,  bikI  till 
t'.iliic  ig  duc^  to  llio  numWr  bthI  rxwlk-iiw  nt  Ai 
I-l&Eai  uiili  wlibb  it  !■  litenll;  oroviinL  UM 
onlUwry  plMo  ta  ol^aavonb  un  fwatof  nqplM*- 
linn:  «liA  tlian oin ndien  the  tiwrtmaB  MM  If 
'*  To  (brtn  ttudono  &ncl  pmotitimwn  ef  tntdi-    n   lidwiin,  «pll-CBiT««il  fluu  lurli  m  wa   Wm 

(ana  wlio  ore  lntoial«<l  in  niii<mao>nlBa1  troric  uhI    tiore  I "— Awii  UnSUat  ilontilf. 

vho  kra  Ihmaiar  witli  tbs  umi  at  Ihk  Tilosblo  aid 


arn  flpitfl  tho  v.iiVfu*  urinary  inoroimlo  dupixiu 
an  capaulftlly  flnu.  aoil  lliu  Tarioun  mniii  of  tubc- 
civlia,  hvaliiiB,  Huxy.  vH'hcll.il,  onil  riiii«>iiii,  arc 
dapictdl    nith    KTTal    SilvVilv    wti   Mnlrauv." — 


ta  buman  vlitcm  In  tbo  atudy  ornatUK,  (t»  provni 
work  will  prove  at  tucalcalalila  taluff,  dnc*  ic 
tviWManU  Uie  nrlKinnl  waA.  of  an  wmnipliilioil 
miPTDaiuptsI  and  nitint.  Aommpafijiiu  tha  fdftt«i 
ia  ft  text  of  Mplanatory  DOt^  •hoirtn;  the  vwiorn 
netlioiit  of  nrcirkitw  v\\\i  ihc  niionM»i|w  aa,\  Uid 
*l|pi)ttcanc«  of  wbat  U  oIimitoI,  TIil*  y\a\i-*  linvu 
bovn  fiwiM  handnuiiiolv  |viiit'<l.  Wr  hnvu  (-vm 
nnlhiUK  in  Ibiii  fti^nal  linool  aluilj  (hat  will  ooui- 


"Tlil*  *aliiah1o  and  bcoulUbl  orUiiinn  m 
ilfio  anil  mwliiinl  lltnatntv  mo  nni  lnii  Iw  iliMlnail 
t<>  mviio  ■  "urm  <r«ln>ins  fniiii  ■  •ride  dfrfa  i>t 
Kiiiclpnln  and  [irsirTiliriricni.  ...  So  praOlaallf 
ti-vfiil  nre  (b  Miulenl*.  and  »  atUm<(ii'> — «»  bhj' 
■Inii*!  '.ly  utUtic— U  tbe  fbrm  Id  wldcb  it  U  rao- 
lu'iiii.i.  tlitit  CO  *Mi  It  U  rocOTei  It:  luown  H 
rvjot-v  ill  if  potwiariou." — ,Vtii  ta&ltmd 


I  n  b  to 


POMEROT.    The  Dia^oBls  and  Treatment  of  Dlseues  o 

Ear.    Ily  Oitf-N  I>.  I'omkb'it,  M.  D,,  Surgeon  t"  tho  Manhnltnn  Kye  am 
Kar  TIo«]>ita],  etc.     With  lUO  lUiwtrations.    Hew  edition,  revised  and 
laired,    avo.    Clotb.  ^.oa 


"  Ttia  «pv«nil  liinni  nf  sural  ditM>«  an  dcuH 
nith  in  a  irjiiiticr  exMinlin^ly  aitiafadoof.  Tlw 
work  ia  qnito  uiliaunWc  in  11a  ■mpc,  anil  v-|ll 

3nwctil  an  nuiliKrIi)'  iin  tbti  nibjcoc  alilcli  wo 
Ivvc  wtU   l-u   <lulv  uppnMlulcil    by  clia   pro- 

**Tho  avUior  una*  Hood  lansoaiZB.  talUns  In  a 
elsBt  aod  tnicmtliuc  luaiinar  wuat  hs  ha*  lo  auy. 
Tba  hook  ia  a  laliuililn  iino  fm  bntli  tladralii  aiiil 
pnctitloimr*." — Z^ia«<  and  Cd-ie. 

"  The  EUlhor'a  opiwrtmiUv  b)  Itiimr  of  what  !io 
writo*  tiiu  bran  iibutuliinl.  and  ihii  wurk  ItHlf 
•ban  (Jial  hi  bait  tnadu  coal  uh  of  nU  hilbmia- 
lion.  Wfl  hava  not  the  Miirbteat  rrwoa  for  ui-t 
raminnniflnK  it  nnt  only  to  llic-  oiologlK  bni  al^j 
lo  the  iteiiml  ■ludenL"—  Jim/^'ilit  tiauUt. 

"  It  in  |>lain  anil  pmolinil  In  vviey  najTi  ao<l 
will  Icine  bv  on*  1:4  Ihr  tUiularit  wuriM  oil  lb*  aub- 
Jatt,"— /toria  Utfw-tl  Xv^Hlj. 


"  Well  Bmn'i<d  and  irt>n  writtra.  aoit  ti'it  ' 
•cloniLBv."— ibi<i>n  JfnttMliMrfSary^;  Jn>'a 

"Thl*  N«ond  tilltlon  bo*  bnn  ouvnillf 
vi*od,  and  ■  mimlT  of  pMCoa  w  wll  a*  M 
Uluatntliiu'  Un<r>i  luiaii  aiUoI,  an  ■•  in  nndar  U 
volume  an  occutata  npreatatwn,'  nf  the  •clnn'a  | 
aiatS  mrmrj  bk  it  ensU  to.ilaj,*'— ifxliful  < 
Sviyieal  Siportir. 

"  Kvtry  country  practldoDor  and  lh«(#  in  < 
t(i»n»— ill  fart,  ovorr  ilorinr  wlio  want*  la 
«ir-diu««a — would  ba  b(*l«r  napaml  br  iMvtaf 
tead  Dr.  I^)lnenn''■  ytay  oxorlltM  Mxt-bmk."— 
IMnitTt  Tom  MtJieal  Jouraitl. 

"  Xal  tl>#  lra<«  of  tlio  qBaiiflMlida*  wMt*  law 
CDflbkil  Dr.  Foititror  to  produce  ao  aanlillinfiii  i 
iinck  of  ILiu  kind  ii  bla  •Hepllnnallf  Urgo  «(p«ti- 
•nif  In  tlis  department  ef  otoloe^,  «iil  It4  I*w** 
ef  Ilia  tn^to  Imr  tmrtolU  l»(I«ii>a«  la  iu  tiMt 
aud  varied  ttianricr." — UviHartPt  MhL  JbvrMl. 


CATALOOCE  OF  MEMCAL  WOHKS. 
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POORS.  Osteotomy  and  OsteoolMU,  for  the  CorreoUon  of  Dcformi- 
lips  of  thf  Lowpr  Limbs.  By  Ciiaki.km  T.  Poobb,  41.  D.,  Sargcoo  to  St. 
Mary's  I-'ree  Hospital  for  Children,  Now  York.  8ro,  202  IMigt«,  wilti  6IJ 
lllui^trationa.     CIolli,  ^^..^O. 

Bmomm  «r  IixnTunoMt. 


^'TliUiiandvMDSkiiil  oirvfulli  praparad  mono* 
grapb  tiMRtii  of  oalaotoinj'  ni  appllod  to  Uis  rB|i^r 
of  (uia  valunra,  irona  vnnini,  uwhrlMi*  of  ihn 
knt»-j4inL  ()Froni>iti«i  oT  ihs  tilp-joiiit,  ud  Tor 
ourvnofUiB  lihi*.  The  *uth<3r  biu<qjo]tad  Urm 
opportunltia*  tn  ntuil;  thao  ipedal  nuIlbrmiiLiaiu 
In  dw  liMplIali  to  vbkli  ba  ]■  iinaebad,  muI  dc- 
■aiUo*  tb«  opualluiia  lYom  an  unpla  alaarvMUiil. 
tjitit*  B  nimW  of  w*1l-eni[niv«d  {lliuintion*  «<ld 
til  Iho  raliM  or  Ih*  inlumr,  and  4d  BduuMivv  hlb- 
lionnphf  appBndal  ansblrH  tfao  ntdor  to  puirnio 
■ny  lopla  In  whkb  ha  nmj  bo  iDtonatod  IdIo  Ibo 
proJunLiiw  at  olhnr  wMcn." — 3ltiioil  and  Sur- 
git^t  ltifn<rtiT. 

"  Dr.  )*ooK.  Tim  hu  timi&f  iMooma  m  tnll 
luiovD  Iji' Journal  ut'dln  Ml  buna  auisvij,  liMOon- 


donMd  faia  eipMimra  in  Um  oork  brfiirc  iw.  Vt 
Itoa  ■uncB«dsd  In  diriiie  lUi  in  ■  very  mA*UA%riTy 
«ny.  We  con  nM  too  Mronobr  oumuwod  (ha  eloar 
■ii4  aiuicinM  mmnw  In  vhM)  tfan  Biitlior  waiich* 
tb*  Indiouion*  (br  Inalmml  la  |«nloii)iir  ssaxi. 
In  ID  filling  Iw  abowt  k  knowloil^  •rf'  hk  «ulg«ct 
■liich  Ii  ■•  cttMuIn  0*  It  ti>  pnlbuudj  UkI  no  one 
at  (II  liitiniMil  In  artlrauwl)  can  rbiI  Iiu  khicIu- 
KiiiM  oiiliiiut  profll.  tfl*  o«ti  ntB.'B.  nhiiili  ur« 
onnfiilly  raporUd.  an  tilaibU  Mlditioiw  tatbeltt- 
cmiuir  oT  lbs  anUvct.  Tbcw,  (oiiMbar  vllb  otb- 
arm,  which  Bi«  nn[y  aiimairticd,  •onlalD  aa  much 
pnidiiaO  inhinnation  and  aDuad  aucmy  that  tlity 
kI*'  *  vpamal  viluv  lo  tba  work,  alto^thtr  indu- 

GndentorilaoUwrvodleiwa*.   K  la  a  f^ml  bosk 
•van  wa,  aad  «a  «Mi0MulUa  du  author  •> 


QtTAIN.  A  Dictionary  of  Medicine.  incIadiiiK  Ot'i»Tm)  PttholoRj, 
Genera)  1'tiera[>eutii.'a,  llj^icno,  nud  th<?  Dirtcaeeo  )i«ciiliar  to  Wotocn  iihI 
(■hiMren.  By  Various  Writers.  KdttH  by  Kiciiakd  Qb*is,  M,  D., 
F.  R.  S.,  Fellow  of  the  Royal  Collegi-  of  PliyaioiaDti ;  Slt'inber  of  the 
Scnnt«  of  t)i«  ITiiirvniity  of  T^iiidon  ;  Mviubcr  of  thi^  Gcnoml  ('oiinul  of 
Mfdifat  Kducati"a  nnd  Rrj^i^tration  ;  Coniinlting:  T'liywi-imi  to  the  Hon- 
pital  for  CotiHumption  and  Diseasn  of  llic  Chest  at  Bmmpton,  t-to.  I^vo. 
1,834  pai^es,  and  138  Illoatrations.  Half  morocco.  •8.00.  Sold  only  by 
suli  script  ion. 

Tbia  iiirk  i»  prlmarllv  a  Diwiinary  of  Modicin*.  in  irhirti  th*  waral  <(Im«>b<  »t»  ftillj  dlHoawd 
to  Blpbah«ii«al  onlor.  Ttw  dcMripthn  oT  (ach  isiilaLlM  an  acmuvt  of  ita  ffAfilaif  ami  ■nn(i'(ii<''a1  'bar- 
noiaf*;  ha  ■vnKitnnu.  eouns,  durallan.  and  it-nulnalliMi ;  (ladlunnriK  prtvnmia,  and.  k/-ily,  ii>  tivnt- 
Cwnl.     lirfrnu  ■'■IlinioitT  Oi^irolint '  -  rio  Um  oriirln,  oTianrtnn,  and  nature  of  •lifoaur, 

(•Mivml  ThamfUlic*  Wluilin  ar  ■  •">  vral  alanw  of  nmnllM.  iIimf  Dindta  nf  attion,  and 

OD  lliv  nwlJi'aU  Ol^  llivir  iw*.     Th«  nr  <<u>)  to  llio  nibltift  of  lt>(l<'iiir  tr*at  of  ihecauaM  and 


DTcviiMviii  nf  dta(ui>,  of  Ilic  aoeouira  ikiul  law*  ilSulinjC  publle  barllb.  Of  Ibooiaina  Of  fraterrliu  Ihi 
nnlth  of  il»  indlvUuat,  of  thn  miMfnirtlaa  Md  mananinnt  at  ho*{iiI>ia,  and  of  Uia  iu)niB«  of  tbo 
■icit. 

LaillT,  Iho  Jl  wa»i  p«e«liar  Id  vocara  M»d  oUUno  an  diaonawd  un4M  thoir  rHpe«tl*o  beadllip, 
(will  iu  iri^tpait  aad  In  dctalli 
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Oinmruu-,  W.  8.,  U.  D. 

Jumiji.  Sir  WiLUA>,But.,K.C.  n.,  ILIL' 

Ijflu,  J.  WiuEiua.  M.  U. 


tho  value  of  tbnir  niutriliiitionA,  Mti  ilw  £>IIo«Iiik: 

AtLNDTt,  T.  Qurtoiv,  )J..L,  M.  D. 

BAaxw,  RxDKin,  U.  U. 

ilAmtK,  n.  Ouhltt'ii,  U.  A.,  M.  I). 

BiKt.  CmL,  U.  D. 

Bbiitto".  i.  f-in.  M.  D. 

Ilii..iis-sftaiiA>i>,  ir.  e..  U.  D.,  LL.  D. 

Bmtiiiob,  T.  LjirokK,  U.  D.,  D.tio. 

PATn*.SirJ«urii.K.C.S.l.,  U.D.,  U.U, 

Fox,  TiUDMi.  H.  I>. 

OtLiaH,  Cnpdln  Ekipatu,  B.  E.  iMlredi. 

Uuwu*,  W.  R^  M.[>. 


Wklu.  T.  fimoc*- 


>  11.11  riHi'ti.i;, 
Vtatix.  Wir  JiHM.  Ban. 
I'^jistn.  K.i>iirM'  \,,  U.D. 
I'*VT,  f.  v.,  M.B. 
I'L»»r*.B,  W.  8..  M  D. 
HiHi'K,  Joiu.  C.  U.,  D.  C.  L. 
TiiouhniB,  Sir  lltaiti. 
Watkw,  a.  T.  H..  M.  D. 


"  Nnt  rinly  i*  Uie  work  ■•  DlMlanorr  of  Hollollio 
In  lu  nUlMtMDM,  but  it  in  «u  utuydoiKilio  to  tla 
•Mp*  lliiit  it  mmj  hi  lyintidKrad  •  onidaBted  (»- 
Ties  of  tbe  ontirc  iAi  aX  piMtJeoI  iiMiliiino. 
Rrah  nbjoot  U  mDrkod  up  to  ibtc  nod  omiUIivi  In 
■  homJiiiII  iho  ■muDulMM  cii«rtmto  or  tlio  leid> 
Idr  Bi«dSi«l  man  of  thv  dav.  A*  >  roluma  fbr 
Radf  nfprtnoir  Mid  raranil  Mudy.  II  vlll  b«  (bund 
III  iroRiiniK  talue  (o  tlic  eeanral  pnwtitianar  uid 

"Th*  'SMicttI  Dhtionsry'  of  Dr.  Qnun  !■ 
fnmvthlas  nniv  th«i  its  \\\\a  would  U  ftnil  [lull- 
«(<;.  Il  migbt  "Ith  eauul  praprlaQr  b»  callod  an 
en  of  clops' JIk.  The  lUlGtranl  dlMMM  an  flilly 
dlaouMtil  hn  alpliabetioal  onlur.  Tl>r>  dtnoripiion 
uf  aMh  lucludiu  an  unrmnl  •<(  'Ok  rarinupi  nltri- 
bule*,  <AffD  ODVcrifu;  Mvcnl  pairw.  Alihoiiirli  "c 
hara  poMSMod  th*  book  only  the  abort  time  •inuc 
tu  publlaalon.  Ila  loaa  would  Icavo  a  vnid  wu 
nonlil  Doi   know  bow  t^  Bll."— AuCm   JM^tuJ 


he,  pubUahad  thia  faai,  tha  moat  Moaplonoiit  c 
aa  (inbodjrnic  Innuu  and  mcarah — Ibr  ttmid 
tloD  hllo  Olio  pxM  nhuno,  a*  it  wcR^  tli«  «L» 
■ckoira  aliil  art  of  modldoo— )■  tbc  'Dtcdoiian  of 
Uaillidiie'orDr.Qiials.  ZlemMti'*  •  PnMtlaa  «l 
Ucdiflna'aul  Boyaoldt'a  -eyiwm  nf  H«didw' 
an  dialiugiiitfctd  work*,  fbiliniij>  omirnUlaaa,  !• 
the  ainiile  department  of  prwiin,  of  the  lab«n(( 
nuuiy  voiy  cuttnsnt  phyniriui*.  <«cb  one  In  b« 
contribution*  uniKOllB/i  llie  rrtulla  of  hU  Ma  «b- 
•OTVatlow  uiJ  i'i|vrvn(«<,  an  woll  M  lluM  af  Ika 
ioiaatigatioiia  of  olliin.  Hut  in  Ibe  diettoOMJ  tl 
Dr.  Quatn  thsnt  mtv  ombraoed  not  ntnly  IW 
princlploa  and  fnottoo  of  (Mdldn*  In  ttw  on- 
tributloiM  by  tho  nitou*  wrItoM  of  •ntBanoi^  bat 
irneral  pathnloc,  S4n«nl  IhoniwiTtiat,  li*a|i«K 
dircMot  of  women  and  oliildraa.  iir "    rviifi 


noli  M*i/ieal  Ann. 


"  in  thli  inipnrtaDt  wvA  ibe  cdhiv  tiM  aotet- 
•uvd  Ki  eoroliltie  two  fntviva  or  purpoMa :  in  Ifev 
flnt  pl*<W\  to  oObr  a  dlctlonw;  of  ifaa  trdinM 
wonja  naod  lo  uwdldno  and  iliu  eoilManl  MicMM, 
■'AlVbouah  a  roluroo  of  over  1,840  [uoi,  It  in  andnlnsfopTMont  a  trM[l>D  nn  ivML-mado  m»d'- 
tniir  a  mtUim  (n  partv,  and  will  b«  found  of  dm,  in  wliieli  Iba  •epaniU'  anlrlra  so  dWMa 
inu^  nK»«  praetlail  mimj  Hum  other  worka  nbuulii  bealiortmononaiihe  by  inuliigM>|iMaI><i- 
wliidi  niiicht  (a  namod  exImdinK  <*ver  tmay  tdI-  in  tbe  aovtml  brancEci  of  nrnliml  and  aoruka) 
uinve.  The  prolbadoii  d  thIa  oonnliy  an  undur  adenoe.  Eacoclally  IVir  the  luuor  pnnnae,  bs 
OblunlloD*  Vi  you  fur  the  ranabllaitlou  of  llio  >«aurod  tho  aid  uf  ludi  sgll-knowD  f:rlitlom«i  m 
work,  anil  1  doiliv  bi  <'ini.-r,iiii1iit)i  you  on  thoei-  C'harlM  Uunhl^iii.  John  Row  Cermank.  Tltbuir 
oallenov  ol  tlm  ill,i.tnillr>iii.  WgiribrT  with  tho  fox,  Thoniaa  Uajden.  William  Ahkan.  CharltM 
uoallont  tjriHvnii'hkikl  exiMutioo  In  all  iMjkOct*."  -  ■  — 
— Aumx  Vi.iBt,  M,  D. 


■■  It  i<  with  UTMt  plMwir*^  indnxl.  Ihac  vro  bo- 
[inniii'u  th«  piiNldnlion  In  this  emintty.  by  ilic  Ap- 
plvtnnf,  »r  (Ilia  iiKst  aupcrb  nork.  Of  all  Ilia 
tnvdlokl  wnrki  wfalob  luive  bven,  and  which  will 


Batdnn.  Brown  ■  Sioiurd,  glr  William  Jeonw. 
Ernimus  Wlh<oD,  and  a  liud  of  cthrr-.  Bytjiaif 
aid  liu  may  birly  b«  Mid  lo  bate  ■naliial  hu 
oliJKt  of  *brina:inc  lORMbar  tbe  Uleat  and  dmm 
cniplvto  infiirnuittoD,  in  a  Ibtin  wbirb  wonid 
sllow  of  rvnJy  and  eoay  ivfeicofa.' " — JM^mI  ani 
S-'tfiml  lUporltr. 


RANNEY.  The  Applied  Anatomy  of  tlie  Nervous  System, 
bping  a  Stuily  of  lliig  Portion  of  the  lluninn  Bmly  from  a  Standpoint  of 
its  Gvii(-r»l  Interest  and  I'nictical  L'liHty,  donignd  for  Vbc  a*  a  Text- 
book anil  as  n  Work  of  Rvfercncw.  By  Ahukoak  L.  Rakkkt,  A>U 
il.  D.,  Ailjimcl  Professor  of  Anat<Hny  and  lat*  l.c<-ttirer  on  liu-  I)is«uM 
of  llio  GeiiitO'lVitiary  Orgiini'  and  on  Minor  .Surgery  in  llio  Mt^'dtcal 
parimcnt  of  the  ITnivtraily  of  tho  City  of  New  York,  etc.,  «e.  Se 
edition,  tborouglily  roviitod.  Bvo.  Profuaely  illurtrateil.  Cloth,  %&X 
sheep,  $G.OO. 

"  Tho  many  favorihli'  rvvicm  of  tlio  Unit  oili  omy  and  ;4iyatol««7  of  the  nernma  aytteni.  and  j 

lion  of  uiK  work  and  it»  ttneriU  ndoiitioii  m  a  cToar  IniorpreUdon  of  iW  'ncit.  '-■  ■•  .....■...^bli  f 

Ivivbook   hu  indueol  tho  nulhor  t-.  inodin'  ifc.  diM/in*l.,  wHI  And  In  tin-  mi 

meift  and  plan,  "iili  a  *'low  <-r  ruii.loriiw  It  in"re  wl»fi.   Tiro  book  mnialn-  .  tji 

Worthy  of  cMnmcndation.    The  .todeni  who  do-  Kralthic^il  kihI  nuvhaokal  i<.o-iiii-<i  u  *uptt*>fi 

all**  a  inuiwarlh^  cuidu  in  thu  study  ttt  the  anat-  Miaiut  Mtitml  Jvunaal. 
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OATALOQVB  OF  ifE/tlOAl.  WOBITS. 


"Tharaw*  <rw7  ft*  voife*  «n  lb*  ibavo  Mb- 

j«M.  (Sd  IMiw  M  sll  oimfunbla  <tlUi  Uio  aiw  t«- 
R>r*  IW.  To  b*  peribHlf  aaiUJ,  vu  nitl  My  that 
n  linn*  of  no  trnk  a*  mlnabte  to  liM  plijrdauui. 
In  BVtrj  bnaeh  uf  the  profankiiii.  ■*  uw  ona 
sboVu  BivDtkiDoL  I'ropcf  tod  ■uivwful  |>rj<Ii4) 
Tiiiul  or  DBj*wI]>  dnimiiJ  spun  ■  ynprt  ili(^uii«M, 
snil  it  i*  Pir  Iliu  •ml  Ihil  Dr.  Baiovjr  bH  vriMn 
ihU  vork.  Biwil  nimn  a  •laad  kaawlcdge  or 
aoatiHDj'— mtaBlo,  gtiwral.  nnil  >fiMiai— 4fct>  oxoal- 
UM  maib*  MTftit  tlis  (n>ii»<I  fully.  To*  ijpe  b 
him  Bad  qImt,  biH  Oiv  illititntiiou*  an  nrj  n- 
nlMlk  Mb  Id  mnwliwu  xDd  in  artiitle  Moeu* 
tlao.  Tha  thwai^  imuict  in  whluh  phyitotogtol 
ftHMdoni  m  PMBlod  oat  la  oauiv^Kloa  *)lh 
soMimaiaA  tmaio^  iMut  bvliii'^  »»  un  to  ip- 
pntitt*  Um  pMM^oil  obBOjcv'  aiiJ  niaiife*Lt- 
Eltiu-.  i<  I  tn^ntf  fcBiorr  nT  th?lxKik.  NopivjmjiK 
p>iy-<i4jluEi  BliiHiitil  im  vkthotit  thla  very  vaIuaoIc 
work."— -VvWAivA  til  Ilk. 

"  Tbo  «otaail  edition  d(  Dr.  Buiiwv'*  cio«U«nt 
•iraA  «o  Iht  ■pelM  •iMlam}'  of  iho  borrou*  »jt- 
Vtm  hu  liMii  iiauml  •Mii*!}'  revrttun.  m  that  It 
imiadH  Uia  butt  diioixvanM  in  tlio  tauamj  aail 
uhytlolaiiT  or  lh«  bnin  mhI  Ibo  nprvcmi  inteiiL 
a  ttntc\  itvdf  oT  Iboaaicoiay  ninl  u«>  or  norva 
tlrnctun  it  ot  tha  uimn-t  iniuirUuuu  'n  tki  coi^ 
ran  ■liaiCTKnit  of  ■  h»t  nf  dito*«i  ntiaal  wbioh, 
wiiliniit  Iha  infarmiitian  obtalaoij  in  n  work  liko 
tiii>.  Be  ■hoiUd  b«  vnrv  much  In  tbo  Juk.  By 
Dii-aTiB  of  a  vsry  full  table  or  ooDlonti  tb«  reailor 
mn  tarn  at  etutt  to  tba  action  of  •varj  Dtrva  and 
brvRCih  nr  Qcrva  in  b««Uthand  thadirtartiaoiMnra- 
duonl  \>j  it  ■tun  (lia>aM<l."-JIW  Tori  JMfarf 

"Thia  ovirk  win  be  fmnd  MCMdhwly  uMr^il 
hr  an  who  «MB*  tVcf  inatljr  ia  aontaW  wiib  lb»4 
Mtflerinit  fMa  dlwMo  at  t£a  oerraiu  iTalcai.  It* 
om*«t  )■  to  aid  In  tha  anatonilMl  dlairnulii  of  inah 
dliBiwl.  b  la  unuaualljr  vomulahi  in  iu  trvntmsM 
of  ibe  autgiMI.  Nurovniu*  >l!a(tniitu  aci'l  iltiirln- 
Hod*  liar*  liwn  intioduonl  in  ardor  Vi  tunku  (x- 
pluaiioiu  clCkT.  Tlw  pcvHOt,  althoaith  eallad  • 
Of  edltl«D.  U  Dtwtlotllf  a  new  book.  It  U  raooh 
Iniar  and  for  the  nioai  put  iiowIt  wrltHn.  If  wa 
««ro  to  niakr  an  v  rrlti«iam  upon  Ui*  bonk,  it  woold 
bo  to  arc*  thv  auUior  ta  oondnuo  the  >Dld<H^ 
mausr.  8«  mueb  of  the  aatniwuM  of  the  work 
doak  wttb  (ha  phjvlolot^  of  the  ODrvnoi  •vxciu 
thai  llw  lltk  la  iiDinaahal  (nUloailiiiK  a*  rconrda  it* 
acDM."W9imHi  ^  rA<  Aratrinn  Midiail  Ama- 

'*  Till!  I>m>k  will  bo  a  'gniX  bolp  lo  the  alndant 
of  ncunilcvr.'InotU  wutohlahnnd  uuiltr  Which 
<'Thcr«lw  could  be  (buod  oul^'  bj  tedloiM  riaMnili 
IJirou)[h  monj  voIuiom,  and  for  tfm  hum  tm»oa 


■  lllr 


tbe  pMotitiiiner  will  (tivc  it  bmily  welooiuii."  — 

"Till*  in  without  ouqilieA  one  OS  tbo  b«*l 
ttoUUaa  on  Appliod  AtutOOIj  of  thr  Nptvou*  tiyk- 
ttm  to  ba  Ibuiid  In  any  lanjnuu*.  It  U  vlavly 
wilttco,  Ilia Uiagaodt  and  UtvpUHa  am  all  tliat 
could  ba  imnA.  In  rcodlnclhaatdlnafjr  woifca 
nn  tbo  VYtfiMogj  at  the  Hottob*  Byatoni,  eno 
flnd*  many  ooolrailinlan*,  and  utauy  Monucd 
Uoait  nalunlly  nwult.  In  Ibt*  work  ««#I7  port  t*, 
■0  tkr  a*  fonlblc,  dMit  with  ae^raloly,  earelUII*, 
and  thumiiiibiT  nxnlilnotl  ao  a*  to  leava  ita  Iwoh' 
inn  elMT  m  tnc  oilBd  ol  tba  atoiknt.  Wb  ai\-^ 
e^ly  moninwiid  thia  UMUm,  fcr  It  k*  a  <«e«k  of 
irrvBt  exoilltecis  and  wa  >ta  aiiio  ona  whtoh  tbs 
twuroloitbl  will  Bnd  Indiwrnaable,  while  tb* 
fCrnaial  praolill'iner  will  Bnd  ll  one  of  tlio  maec 
VKtaX  wirin  in  hi*  llbiaty."— (Waifa  Lmrtl, 


RICHARDSON'.  A  Ministry  of  Health  and  other  AddroBseB. 
Bv  M.  W.  IticHARDsoN,  M.  !>.,  M.A.,  F.  R.K.,  etc.  \imo.  8^4  img^--. 
doib,  »I.5rt. 

"The  antbori*  M  widely  arkd  fkronvlilr  kno-rn 
Am  anf  booh  wbloh  bear*  bia  n*«e  will  Mu«lt« 
WHntnil  BlIaBllon.  He  h  ona  of  tbi)w  hlfflily 
adianail  yot  pTBcdoal,  publlo-apirilaid  nntlamen 
whoadom  Uir  pr>r«*>1o(i  -1  uicfinnc  ■»■<■  iIa  f.ir 
■wm  than  Ihoir  iharr  iowunI  vlwuiinit  it*  |-^itJnn 
baltm  tha  publlr.  Tbia  iDok.  owla«  to  the  dur- 
actor  of  the  niolWr  onaldered  and  tlw  awtktt'* 
omwdjva  alyla,  iCftnl*  loeaiia  tat  relaiallan  aad 
InairuMMa  to  avei)  tbawMfU  Mroon."— JMfnat 


"TM*  bonk  n  mniB  up  of  ■  Dumber  of  kd- 
itiaMiiii  iin  ianilai.i  ■ubgrcE*, whitli  Dr.  KvhanlHin 


iklivored  at  vartoa*  tlniM  la  OraM  Brilaln,  and 
wMekaialntccidadtohivlMBncaikin  to  tha  pw- 
iajr  rrfaim*  Ibai  an  niakliw  ia<gaw  In  iDMkal 
•cianoa.  Tha  wortt.  wbitb  baa  Ibo  fiaaa  oMtit  nt 
faeiatc  wiilten  in  lb«  abnplMl  and  ttMtiMt  langtmBO, 
ifiw  «peeial  altuitlan  to  iba  orteiv  and  eaata  ol' 
ftbcaWL  and  a  dcoiMMtmlaB  ortlw  phjiical  lawa 
by  wMcIi  Ihcy  inoy  tio  furarontsd.  .  .  .  Tlir  author 
doaa  not,  Ilka  aoma  meiuban  «f  lii*  pr«f(«l"n,  «n- 
lor  bin  a  IcBtMd  dtatrtptina  of  tana,  but  trar** 
the  (Mwo  ef  dtisNa  wlift  pfafloiaphlail  Drotiakm. 
Tbo  book  MUldbta  what  oraiy  one  obMM  h*rf>*. 
and  BKnhan  of  tha  medical  praftwaiiD  will  ni< 
Auil  B  Mud;  of  it  In  vain."-/it7«.  f<kfwtnr. 
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BIOHARDSON.     Diseases  of  Modern  Life.     By   B.  W.  Ricsariv 
ht,ji,  M.  v..  31.  A.,  F.  It  S.,  etc.,  etc.     ISrno.     SSO  pKge«.     Clrxh,  «S.Oa 

Dt.  BitbifdMS  MM*  tkt  nvrvom  fy*UM  w  U«  icnaia*,  nT  nwiMuiv.  Bin-la,  Kid  ■aaioit4wii 
ToiT  i«liMpl«  «f  RA,  Mid  W  ataow*  how  loca  do  it  dKaolnl  duut*,  whicb  uv  of  fi«ai  gflntnl 
tMmMu  ral  EtMct  iwuM^  mbm  the  auunl    li.Icr«Bl."— iV<il«n. 


"  rxniciiUi' rtWMiioa  k  ciT«siadbaHm(hvi 
wony  uhI  ukuIoI  Mnin,  Itom  llw  ptuati 
titebtt,  totaNM,  nii««ti«,  f<wd,  uu|iim 
boan,  «id  b(o)Etk  *lKfs  tdlowiB,  Interh—n 
(M.,  WIB  toilAUn  upon  «UWM  vrbioli  dn  DM 
ialo  Ika  ttiii>id«ntiatt  of  tkkiMH."— JMm 

IBonlHwifi. 


"Tbo  aork  i**f  Itnal  nlw  w  •  inoUial  (dda 
U  MMUa  tfcc  ntdcr  id  ibtcA  nd  avcid  vMiow 
•ouno*  ot  iTl-ww.  imI  U  ocMbIb*.  I*  •ddldon, 
Mvtnl  laundactarr  obqun  on  Bilunl  Dlb  uiJ 
nalvia)  Jwrlfc.  Ito  phmomana  of  dlxM*,  iBiwin 
■nMedoDt   ta  tunh.   ■&!  dh  the  slhuta  cf  Uio 

ROBIKSON.      A  Manual  of  Dermatology.      By  A.  Itt  Kobixiw 
.M.  U.,  L.  K.C.  P.  Mid  S.  (Kdinburgh),  Professor  of  I>erinatolo}fy  at  I 
New  York  Polyol'mif  ;  Professor  of  Ili§u>lo^y  and  Patbolofj^t^al  Anstoin 
St  tli«  Wchuui'h  Medioal  College  of  the  New  York  Infiroiary.      Kevii 
and  eorreot«d.     8ro.    <M7  )>agc^     Cloih,  Kti-OOi 

"  It  iMlndM  M  (niwh  ii«^  arf|[iii»l  Hi^rk,  ui.l 
*o  well  niattnlw  Uw  bnt  pr«i.<li«l  UMhina  or 
th«  lutiJMl  bj  out  mart  advuiotd  niBn.  UiK  I  rt~ 


cud  1i  w  oomnuBdlnir  u  oom  «  pUot  In  the  vojr 
Aulit    mtk    of  all    •iKboriUn*. 


Nxviir.   liTl'l.  H.  D. 

*•  Dr.  EoWiuoa'i  •a|<*ncnM  ha*  mipljt  ^ihIU 
tied  blB  for  tba  laak  whloh  ho  wniuwd,  isd  bo 
faM  |iv«n  M  ■  bonk  wUoh  oominrodit  iMaf  la  tJiu 
oouhiBoiiaf  Ifcagwiwml  prwtUloiur."— JU^ 


"  In  geami  ■pfmnw  ll  to  ilnitUr  to 
iiuf'*  uDtllont  bonk,  bk>t*  valmblc,  bowwa,  in 
thai  it  nmt^iu  idudIi  Um*  Tinr*.  aai  bIm  on  *r- 
OTuni  of  ii«  cxcbIUbcc  of  the  wattoeakti  dcMflp- 
lian  McampMfbiit  tlis  Mlpreoeophnl  ■ppMnmos 
of  tb*  dlMWOi  nniMB  oC"— £1.  XMnJr  MtStMtmt 

"  Altiwetbtr  tt  ii  an  nnallrai  <r«rk,  hripfltl 
tT«i7  Mm  nhft  con»ul»  Iw  poecn  for«M  mi  iben 
oriikia-dJ>Mini.    .No  phiiidui  who  MydiM  ll 
roerM  plaains  it  in  lii^  Ubran."— DrfrUl  * 


ItOSCOE  AXTD  SOHORLEMMEB.     A  TreatlBe  on  Chemistry. 

By  II.  H.  KoscoH,  K.  K.  S,,  and  C.  ScaoBLEUMEit,  1-'.  K.  S,,  I'rofesBors  of 
ChemifiCry  in  ilic-  Victoria  University,  Owens  College,  Manchester,     lllus. 

Inorf^amo  Chemiatry.    Svo.    Voi.  I ;  Nos-MKrAuuc  Elf-ucn-th.    t^M. 
Vol.  II.  Part  I :  Mktaij*.     »3.00.     Vol.  11,  Part  II :  Metals.     »S.00. 

Organic  Chemistry.    Svo.    Vol.  Ill,  Part  I :  Tuk  Chkmihtbt  of 
Hyiik<>cabbo>-s  axd  tueib  Derivatives.    ^.00.    VoL  m>  Part.  II :  Tb 
Same,     ^.'..OM.      Vol.  HI,  Part  III :  The  Same.     Cloth,  *3.00.      Vi>l.  II 
Part  IV :  Tim  Same.      Cloth,  $3.00.      VoL  UI,  Part  V  :   Tu«   S 
Cloth,  «9.00. 

Brxwu  or   luBniAaoii. 
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"  It  bw  tiiKiii  thv  alia  or  tho  aiiUinia,  iu  viitla;  lliair  proHot  tnotlM,  to  |i|acit  b«f»«  ihv  mtdM  n 
Ihlrlir  mmjilcto  mil  yal  »  clrar  tad  Mionoot  MatBuifiit  nr  tta  fnru  ef  Urilvrn  Cb*Diiilry,  ivhilc  ■!  iIik 
•woo  lima  couriag  <a  Id  bito  •  diiciuiriiia  of  obuitilrul  iliinri  a>  thu  tin  of  thu  work  aiicl  thu  pmtriit 
tnuiaiilnn  lUte  of  ibe  •cleticc  iril]  jiomill. 

■■K|>tFialunD[iilait  hoalNDii  uiJ  ta  thv  ———  J — 'fj-ti  -fTtn  ni-m  tmr~niint  f  ra'Miii  InltLli 
iiiokl  clivRii'trv,  Liuil  to  tiM  aareml  npmonUtion  of  the  nxxi  ipjiruvod  form*  of  niipantu*  amfloyoil, 

"Mucli  atlc'itioD  bu  likowiic  bwD  i{)tdo  to  Itie  npntnnution  of  ■|ipM«lii»  >'lii)<U>l  fodwiureruom 
npcrtwcni.  anO  ih*  auanmiiu  iww  (lluitrailon*  (»-|u'miJ  (hr  lliii  (lurpoM  have  all  bmii  tiA«i  frntu 
jil>:40fni]ilB  irt  nppanttu  nctiuJly  iii  u»c."—Kar'ui/roM  li'^ar*. 


"Tllii  authora  an  a*idanti}'  beat  nn  lunklnj 
t)ii*r  Inok  Itiu  AduI  lyttT'iuiilL'  Ircaliw  on  m<>loni 
diHniniT  111  llir  KudtUii  laii)cuiuv,  an  aim  la 
wbidi  tli»>  BPF  u«lL  (ntinded  In  thotr  piililwhvny 
nrtio  iparc  nciihpr  fain*  dot  ooit  In  llIiutntiuK  aDu 
othorwlit  Huinafonh  tho  irark  of  lhca«  dwtin- 

"  II  is  •liffli'iilt  Id  pnil'i'  \na  tii(;lily  tho  MlwDnn 
of  malprials  nad  Ihrir  armnifvinaDt,  nr  th«  wvaltli 
of  UluUraikiiui  wlilnh  npluii  aiki  adorn  tho  text. 
In  Iu  woDilouu,  la  iM  Wohnologlaal  <latMlah  In  lu 
hiatoriod  Dotlof*,  in  it*  raftnnoM  m  ori|(ln>l  mo* 
mnin,  audi  il  ouj  he  addod,  hi  if  oloar  tfpc, 
amoalli  rapor.  nml  iidiiIg  mantin*,  Ibo  voIumis  un- 
der muw  pmcnu  rowc  ciimumn-lablc  nwldlM. 
Whauvsr  Uat>  of  ocouraoy  m  Is  fli^m*  and  beta 
ir«  bavo  boon  ablu  to  applj  have  bvoii  uliklbcluiU; 


auO,  whtlo  in  clnmoM  of  ttotomoiil  tht*  toIubs 
Imt**  aoUilnK  to  be  ilmlmL  Uorrovir,  it  U  moM 
■Blialartciry  tu  find  that  ths  prvcnaa  of  tfak  ritn- 
able  work  toward  oonipUUaD  la  ta  niiiJ  ttmt  ill 
boglnulDS  *)U  not  bam  bwoma  antiiiualod  bofore 
ll»  ontl  ba*  baon  r*ucb«<J— no  uomniiuon  omio- 
ronio  wttli  alulionil*  Irvalim  on  oalutal  mmdco 
•ulgoola"— ZonJoa  Aemdimf. 

"Wohin  no  tiinitalioo  in  wvlDclhM  thin  vnl- 
HBM  Ailly  kovn  up  tho  ivputation  Aaiiwtl  bv  ihuw 
tlist  pncodrd  iL  Tboiv  ia  tho  iwiiiu  DiMlorly 
baniJUmt  of  tho  mibjcc.'t-matiur ;  tho  wniv  dlli^cinl 
c«tv  "but  boca  btatownl  on  huiillnic  U|>  all  tlic  nlil 
IiiMot;  (vmnoded  with  rarli  pitHliin.  U  i>  thu> 
tlitt  laniUfo  imat  a  obann  to  tho  wbolcnork.onil 
makaa  it  iri<ry  mndi  mon  than  a  mom  text-book." 


ItOSENTHAIi.  General  Physiolofiy  of  Musclea  and  NerveB. 
By  l>r.  J.  KiHUNTinL,  Pr>)fiwi»or  uf  I'lijaiology  at  ibe  Uuiversiiy  of  Er- 
langen.     With  75  Woodcnln.     l*mo.     Clotb,  *l.50. 

and  rKondUo  a*  lo  ho  iinprofltablii  or  uniolomt- 
mt  v>  lh(i  in>|uinD4;  (,-«aaral  render."— JVW  Yerk 

"  In  iliU  Tolnmo  m  alMiipl  la  nuda  I*  Ait 
a  oonncotod  aoooiiDt  of  tfaa  (cnonll  ftijtitmfj 
of  mutdaa  and  nema,  a  ratjMit  vliMi  hat 
n«Tor  httnn  hiul  «o  thorouuli  an  txfoMin  hi 
any  tcxt-lnvk,  althounfa  it  m  one  «Iilch  hia 
■xiany  poiuU  of  inlorcac  (far  avotjr  caitlriud 
maD  Who  (Diska  to  bo  vdl  inf^nuod  on  all 
branohaa  of  tho  •dunMt  of  lift.  Till*  nOTk  Mta 
bofoT*  it*  milon  all,  nm  tho  mflot  intrlcoto, 
phMN  "f  ito  HtbiDOt  with  auch  olcamcoa  of 
oSprairiDi)  that  aiiy  cdumled 
am  a  wdollat  can  ' 
MM  fitUadtnm. 


•'  Dr.  Kountlial  olalnu  that  tho  pnannt  work  la 
tiia  *  Snlalt^dipt  nt  a  mnnsotod  afuouot  uf  Aiionl 
^tyahvloRTof  muvlffland  nnvoi.'  Thii boliu tlio 
oue.  Or.  BoHlitlinl  ii  (riitilLi.Hl  lothoKiwatatrrodll 
fbr  hia  cloar  and  aommo  pnaentatton  of  the  ts- 
poiriiiwnlal  data  upon  ivblon  niunt  rcot  all  (btute 
kimwIvdffT  if  a  very  iiniwttaiil  btanoh  of  inodlcal 
and  olsotrioil  •denoo.  Tho  hook  coMlatx  of  SIT 
pajtoa,  with  •oventj-.a™  woodonta,  nmny  of  which 
roproDonl  ph^iloli^il'^  apuratua  doriKil  by  the 
BOlhor  or  hv  hi*  fKonit*.  ProfoMor  Du  BoKKcy- 
moid  and  llolmbolti.  It  toiut  (w  rcttardail  a*  In- 
diuxinaablc  (oall  fulureoounetof  WMicalalndy." 
-At.r  Yari  lltntU. 

••  Allhouich  ihit  ivofk  ia  vritton  far  tho  inMnto- 
doD  of  •ludoais,  it  it  bj  no  noaiia  m  tiahDiOBi 


IU\      n  Jill       BU-^ri        umuUVB*       UJ 

y    tdumied    ponun    Ihnairb 
I  pc^npruhond  it."— AVif  liif 


SAYRE.    A  Practical  Dlanual  on  the  Treatment  of  Club-foot. 

By  Lewis  A.  Satue,  M,  1>.,  I'rofcflnnr  of  Ortliuimsiio  Sur(;ory  .tinl  Clinical 
Surgery  in  Bell^vue  llo^ipilal  Mdilical  Collcgt-  ;  Consulting  Surgeon  to 
Bcllevue  Uotipital,  Charity  Hospital,  etc.,  «tc.  Fonnh  edition,  eolsrged 
nnil  twrrcetoit.     I2rno.     Illualrat^il.     Clotb,  $1.35. 

"  \  mnR  oxltiidVf  *ti»rIaiioc  in  Ihr  Irralmout  of  club-foot  hm  iiroved  [hal  the  dootfinca  laiwht  In 
my  llnl  flitinn  WRo  ournci,  vii.,  Ihal  In  nil  uxm  <>f  I'onjinilla]  clab-fbol  thu  ItnatDicDt  ■bould  tani> 
meniv  Bi  birth,  a*  at  lliul  tiioi'  thcin>  I-  r(viifftiillv  U'>  ililBcolty  iImI  Mii  nnt  br  iftroomo  by  the  ortllnary 
rdiiiily  ph)>lcl«i:  taJtiui,  by  follotriux  tbn  iiiinplo  ruloi  Wil  •!<■"  "linmo,  iLoirrnai  nudorUy 

at  <ta**'^n  ho  lellorcd,  nnd  muT  oand,  •[thoot  anr  opcntlnn  "  iitfftranor.    If  ihiiMrly 

trMUnnni  )in*  hton  no«loBtMl.aiid  tho  dcArmltyhaii  Mcnpmnit:-  '     -«  hy  uac  of  Iho  (oo«  la  \\a 

ahnurioil  ••^tiion,  'ur^csl  aid  mar  be  poiaUiio  to  ovanmBo  ibo  dl&uli>  i  uid  I  ban  horo  mdM*o«w) 
U  elcarl;  Uy  doan  ilw  mlm  that  ahuuM  tiuvem  ihe  tnatiiinat  of  thi*  tl«M  of  (obm^"— /Vq^ow. 

-n*  hook  vill  very  «ell  •atitiy  the  voou  of  uao,  aa  ataUd.  k  1«  inioBdeil"— iViv  Ftrk  UtJi- 
[bo  niiijDrity  o'  c>n«ral  prattitioaer*,  fir  wImmd    eal  Jvurmai, 


SAYRE.    Iiocturos  oa  Orthopaedic  Surgery  and  BiseaBes  of  the 
Joints.     By  Litwi*  A.  Sayhv,  M.  I)„  I'rofwKor  of  Onhopwdic  Surgtry 
and  diiiieil  Siir^rry  in  Bcllcvuc  Uoepitnl  ]lli?<)ical  Colleffe  ;   CodmuUIi 
Suri^i^on  to  iJellfvup  Hospiu),  Cbarity  llosfiital,  etc.,  etc.    Soconil  oditia 
nviiieti  and  greatly  enlarged.    8S4  lIlustrationH.    6vo.    £69  p«{^. 
I5.U0;  Mhcep,  M.ob. 

ThU  «Uliau  Im>  bwn  UioroiucMjr  rpvixd  and  re^mngcd,  onij  Ui«  ■ulqocia  ttttMrd  in  tk» 
kal  md  fadioloslaBJ  onlor  at  ilirir  davrioiimBnl.  Muif  or  tho  chapter*  hnTc  been  milrrfT  n 
■Ddxvvnil  iMwooMnlded,  tttd  th«  wbow  «orii  bTaaglil  up  la  dw  proKiit  ilinu,  wliballu* 
provrnwnto  IhaT.  Iiavo  hMo  deTalofsd  la  Uil*  dapwtment  ot  •uripiij.  Muijr  uew  vnitn'riiiga  * 
aditi,  uch  illuilnillnic  mhw  ■porfil  jminl  tti  praoilm.  ' 

BrBcwaxt  or  ItimsiTiom. 


"  Tho  lumo  of  clin  authoT  U  a  riitflciiMil  sort- 
WitM  of  tla  vicvU«niv.  u  D'l  iiibii  hi  Ainumn  or 
oUenhon;  hu  ilcrnltid  ■uoli  iinnitiiiiiiit/  Mtfutiua 
fbr  Uio  put  Iliirt7  fciin  to  thin  JiT|>arliiii>nlof  •nr- 
■mTiUr  iilvon  lo  tlio  jinrfoj-liin  lo  iDimy  jipw  ImUu 
Mid  luwii  &■  apfilylnic  l»  the  paUioliyy  and  tnut- 
tiiiinl  of  iluforuiitii)*," —  HWo-n  Jtnnml. 

"ThL>  TuiDc  of  l.ov,iii  A.  Sa>rt  1*  M  inljouilgty 
(•□niiKiXod  uiil  IJniilllliMl  B-ltb  arUiopBdicB  in  bU  iu 
linui'liiw,  tli:it  a  Ix'ok  irlnlUiif  liU  ■X|>ur1iiiii»  call 
not  tiiil  Innn  Mi  ^kil^Ii  in   loiiliml    nkut^iiOf**  afid 

KiVf  ■  bioHio);  In  thv  profi-tii'if  mul  huinniiity. 
,  Snftu'a  lion  oil  riinDy  puliiii  illlli^rlVpni  tbow 
•DWIaliicJ  br  uthiT  t>iin{t!oiu,  liut  llio  tC^U  iiiic- 
OMM>  hv  lia>  ubtiuiiud  fiillv  Harnint  hliu  In  ouln- 
t^nlnz  tlio '  wunat  ot  hit  o|iiiii(in».' "— jMnrtmn 
Journal  t^  OtuMtin. 

"Dr.  tlaytv  tu*  Msmpvd  hb  UidividuaKty  on 
every  pait  of  )im  l>ook.  PompmmI  or  a  ImCo  T't 
fDeefumifl^ho  han  wlmlrablr  Utttlied  il  !n  lo  inndi* 
fvinit  lh«  uir«iitloni  of  olhon  u  to  initka  tb«ia  of 
fur  irreatcr  ptaclJuil  (nine.  The  cor*,  pBllrnoii, 
and  pEnwuaniicn  wliU'li  ho  oxhlUl*  in  fulnlUntc  all 
thu  convlltinni  ntm«Brj  Ibr  *u«»m  in  th»  trxtl- 
RKnt  of  thia  tniiblmiinc  oliua  of  oaMa  an  vortfar 
of  all  uralM  and  lmlU<loQ."^D<frD«  AtWm*  of 
JfflUM-W. 


"  Ita  (Mchini;  h  aouDd,  and  tho  iiilj.twlV 
t1irnii|[hou(  iviy  pleuiua:  Ui  ■  voKl,  no  MM 
•hiiubi  ■lliiin)>t  lliu  tnalnu'Dt  of  dofariDUti  tt 
Joint  aOovUona  without  bcltw  tamlliar  «Wb  tki 
vlnwa  (nntunod  (ii  UiCM  iMlaNB."  —  C^mia 
literal  ai'4  Svtfimi  Jownol. 

*• .  .  .  Tuken  oao  abnlivthi'  book  irO]  proti!* 
VBluahlo  addltiran  b>  tbe  librsi;  of  tliu 
pnwiitlcaor,  at  well  »  the  onho|«dln,  t 
nork  ol  nrlMvnoo  and  m  m  g^ii»  to  th«  | 
and  oraothx  pMiolnlair  la  tUa  moh-ti 
braach  of  miirTy,  anil  it  ahould  ioma  i 
in>noral  eoaunomlBlIon  ll  dCTenei,"  —  , 
TlKOrJ, 

". .  .  Iti*Bbookor*XMditi>lamlt>crlliuiofdi7 
putltologlckl  lUuila,  o'llhnuEli  thit  fouKtalk*  «f 
iroaiuis&i  t*  t7  no  oii-uni  noalcttol.  On  Innihw 
over  ita  iMaa,  then  will  be  Tooud  UiOM  pntlka) 
tl-plImCion*  ol  Iliu  bnlici^r  nit  whi^h  ar*  xncii*) 
by  oxlcudod  <it|*rii;riw,  Mitl  vrhkfc  pra*0  dTIm*- 
tlinablo  vuIm  to  ihg  |^w«l  praclUaMt.  .  . . 
Few  booka  havo  (bo  pcmMalltr  of  Ui«|r  imlban 
mom  feiviblf  IiiiprrMod  upon  tbom  thtat  thi*  MM^ 
Thii  flwl  irfv»  iiltieanrv  an-l  lBl«m«  to  r^ 
vnluiiic,  and  llio  T«MM  ol  U  nill  iliv  ttnm  ■ 
ponual  B'lth  (lie  impmdoa  llial  Ua  »ulha 
irrillon  of  that  hv  baa  had  «ipericBe«  In.  i    ' ' 


OATALOgua  OF  JUfDICAL   WORKS. 


tlw  MMin  of  Dr.  Safnf*  txjmiauB  dvoi  wvli[hl 
W  fai*  opituotut  .  .  .  K*«rv  •untooD  wTij  liu  ti>  ila 
wkk  Ihsaulywbi  of  whloh  it  mau  will  do  Ai-rl* 
to  luv«  ihi*  TDlome  wlihtn  m*?  ivitch  aiicii  hti 
•holna."  —  Amtritait  Jeantal  ijf  Hi  Mniifii 
ikitnem, 

".  .  .  TboN  i*  no  hlahnr  authority  on  4a- 
tbni^tie*  Hill  alimnic  (II>««m«  o(  Ji^nU  than  I>r. 
Ijayrv  >moTiE  lUing  lurKconi.  Hit  wonLi  oonuiii 
Ui«  nrnilU  of  DiliniHiI  iiim(iuiJ«l  ulfM-TvaUniu,  md 
me  iloQlit  DOC  ihU  Inntbe  will  b*  ncclml  u  l)t« 


moat  oomelUo  cxprcHioQ  of  oar  knowUdsv  of  tM* 
bmtioli  of  wiann  for  «  long  time  to  oomv."— 

"...  Tliv  fdttina  or  IMU  Will  U-  tfaQ  one  for 
)>rMDiK  ooatuliationi  I'll  bU  hi1-jvcu  rtlaUnit  to 
onliDjMBdlo*.  .  .  .  U*  who  iU)a  du  now  rwoptiM 
Or.  Hayr*  ai  lK»  autbur  of  tfa*  aun.  on  moat  all 
orthaniKlic  <iii<uiloiii>i  BlinntI  Ihrroby  oouftwM 
faim.i.'lf  i^nniiit  of  xhic  hu  Imn  arraoiplUbcd 
In  Itii-.  ■iM.-nial  line  uf  piblcIcg." — rftvi'aia  j/uff. 
iu{  ilwtJUf. 


SCHBOBDER.  A  Manual  of  Ilidwifery.  Indudiog  ihe  Pathology 
of  Fregnnncv  and  ihi*  I'liprpcral  Statf.  By  Dr.  C'ari,  l^CBKoRDBlt,  Pro- 
fessor of  Midwifery  and  Director  of  the  Lying-in  Instiliition  in  ibe  I.Tat> 
versity  of  Krlangen.  Tran»ilnled  from  the  third  U«rtaait  vditlon  by 
CtiARLK!!  11.  Carter,  B.  A.,  M.  D.,  B.  S.,  I»ndoD,  Member  of  the  Roysl 
College  of  Phviiiriitnit,  L«)ii')r>n,  With  20  £ngraving»  on  Wood.  t^vo. 
38:^  pagoi.     Cloth,  t»,50 ;  eheop,  94.50. 

"The  nsntlator  fnli  ihu  no  ■poUic]' i>  OMdcd  In  aObrfiu  to  tha  iiraTawion  a  Inaiilatloo  of  Rohroo- 
dcr'a  *  Manual  of  M'ulivlfun-'  Thu  work  t*  iroll  known  ta  uormany,  anil  (otMulTDly  uaMl  a*  a  t«xt- 
l»<k :  U  lUM  nlriodv  rrofhHl  a  thini  paiiiiu  wUhln  (lio  ■hoit  apaoa  at  \wa  ynn.  aM  H  l>  hopad  tliut 
ihv  prvwDl  IrDn-litiiu  v<iU  iii»>l  Um  want,  lonj  Alt  iu  tlilt  coiinuyi  of  a  moDiul  of  ni«lwif«i7  ouibriu> 
\a^  till;  lalofl  lOlGntiflc  r<:iDBrdieB  on  tka  ral^acl.'' 


SCHUIiTZE.  The  Pathology  and  Treatment  of  DIsplaoemeatB 
of  the  Uterus.  By  Dr.  B.  S.  Sciu  itzk,  I'roffssor  of  Uynsoology, 
IMrecwr  of  the  Lying-in  Institution,  and  of  the  Gyniecological  Clinic,  iu 
Jenn.  Translated  from  the  UeriQan  by  Jameaon  .L  Macak,  M.  A.,  M.  K. 
C.  S.  Eng.,  t-l<'.  ;  and  i^litod  by  Abtih:ii  \'.  Macax,  SI.  B.,  3LCh.,  elt^., 
M.i*ter  of  the  Ri.tiinda  Hospitul,  Dublin.  With  l-iO  llliiMraiionft.  Kvo. 
37d  pages.     Cloth,  d3.r>0. 


"AfflMtcao  ||^c<n1ni(ln>  will  hrartllv  •nloomo 
VtM  mmlaiiaii  of  i^liiiio'ir  tKiliultw'-  nork  em 
utarin*  dIaplaoMMUit*  iato  tha  Eiuiiili  Iiiii<;iiiii:d. 

Tbs  IrandBtion  ha*  horn  very  wfirtlun?.  nin.!  tlio 
Idaaa  oT  llii>  niitliiirlurni.-il  iiiio  jivioil,  ou;  EnKll>ti- 
Tba  niiMa  \n  Vm  c-Iil»r  iinj  viLliiablo  and  «r«U- 
(inid.  .  .  .  Ii'i  a  t«nk  tliut  Hill  rirhlr  ni|>ay  a 
oanful  itaJir."— /t«ri:.i  JVi/wW  .W^nlMj. 

"The  aui'inr  if  thii  nTk.  it  i»  verj  fridcnt, 
hM  biMotrwl  ii[i'in  i^  o  vun  amuunc  of  revarnli. 
HcllMMferr  |[iv(i>  hU  iv-tdDro  th«  Iwncllt  not  only 
tfl  hi*  nwn  rich,  iixlivlilual  e\|<«'rivri>.'e,  1>ut  alio 
pmatitti  Ihviu  irilb  tJiu  bM  IliQu^tiU  iS  othvr  cx- 


perti  la  thij  bmncli  of  tnedlcAne,  culled  flom  an 
oiiunuoiui  •luaallly  of  luodtm  lltDTaluruL  Tbe  bo0k 
ennuuiin  inudi  orii^aal  nuiutr.  .  .  .  Tho  work 
liarljikca  ol'  a  rolontlflc  chamvur  lliroiij^liout,  and 
uill  daubllsa  b»  wall  nmrod  by  Lbn  proKvabiQ." 
—l^u^t  XtiifiU  Jonruat. 

"...  In  Uiti  IntBitail*  of  syniMoloini  wc  trurt 
tbal  Ibii  wnrk  may  ban  a  uijgt  cimilntiLitt."— 
.i«a<rMwn  Itmcit. 

*'Tba  work,  a*  •  wbolo.  \»  ll>e  moot  alaborats 
of  asy  tiiaot  niiot)  tlia  Mibiact.  and  nonhy  a  placa 
in  our  libnry.-'-  S*»  TtitJlMMl  TbiM. 


gTTWARfl  The  New  Tortc  Medloal  Journal  Visiting-List  and 
Complete  Pocket  Account-Book.  i'ri-]>iiriftl  by  C'uarlk^  It. 
SiiKAiii,  A.  M.,  M.  D.     Price,  «l.ar». 

Tbli  Lid  li  tuHvJ  ufi  na  puiirDbr  nnir  j>Un,  Uio  rem't  of  on  ciP>rt  toiloBwqr  wilb  IhodelbMlTD 
nalfaod  of  ktvpln;  ii«»unt*  Fouiul  In  aU  1rMIIil;^ll■t■  li'C.crlo  pHl-tUtird.  Eaf*!  pttfa  la  amnfR)  ftir 
ttia  aopiiint'  uf  ihr^'e  |>>ii<*[iii.  in  ilia  nnmlur  nt  ililn(.fluii  vl.lu  tuoli,  wblob  amy  hare  bten  niado 
dnrinjEaPcirrvni.  iiiont^^Fmii  cxiand  avi<r  anumWrof  iB>bit».  iiwurilinittotbe  fnnocncy  of  ihovUIi*. 
With  the  iii<u|>li'  •jtUia  htiv  inauninitvd.  Ilic  |irutltuiiiM  n<i  at  a  uiunrv,  and  wltlimit  tho  cmutila  of 
trai'lnit  ibo  niuT'iw  colunint  (bimil  in  Ibo  ordinary  IUl>,  a*.vrtiilii  ili«  i.i-n<lil»a  uf  ihe  atiroiint  "(  any 
pulmt;  «>iitr>.  and  Iiow  iwuiy  ridt'  hive  brni  mod*;  wiiai  hai  Imii  paid,  anil  W-n  miieh  la  still  dn«. 
Ititlirfrti4-t  iM'taa  /itJ*e,il»J  h.irUioutiloiiU.tiimail  ptrftl  yimtiita-tiM  fttr^trtj  lntAtfrt- 
jTimitit.iuil /•vi—"*  <ilt iK- iilruttajanrMuil  Uto^ttUotvAlt/ralunt  /itu»i  im  Mttkm.     In  OKj 

QXt  U  ■^■>ti;i  At  ANV  T1«E. 
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at  Uintatnust. 


SHOEHASEB.    A  Text-Book  of  Biseaaea  of  the  Skin.     Bj : 

V.  SiKiKsiAKKR,  A.  31.,  M.  D.,  Profoasor  of  Dermatology  in  th«  Slcdiro- 

Chiriiri;k'iil  ColU'jJT  of  PluliMU-lphia.    8vo.    Wilh  Six  Clironio-Iilliograplu 
and  iitimeroiis  KngrnvingRL     Cloth,  liii.OO;  ebifp,  i^M. 

■diUlnc  Uiem  ta  bur  (t.  If  ISqj  ilerir*  •  pMl 
Mtbiiirit}'  on  diwmi  of  too  tk\a."~/¥atHa. 

"Of  tliB  oiuiy  wotkn  inMiod  in  tlie  |ii«t  ft* 
!«■>*  on  OfnotMo^,  \>t.  Miofiuskcr'a  boalt  \iim 
bit  to  rivnl  it*  pi<<l<iv>«-ir>  iii  Uik  |«iticnUr 
liniK'h  "t  mril'iMl  nii'iitv.  tvi-rv  )-.-«  i»  nxsia  tf 
to  Hie  CfiBinnivnt*  of  «  imal- 1 1  '<       t   irfcr- 

Iiii]i>iJuiilll)  of  ilif  iiUllior,  «Ii-.. .,_        _..j  Uiitt 

oru'mal  iiiii.>tii(ni[nr(inil  i<n  vat*'^*'"''*^'  "!*«< 
Ttic  (Xii-lli-iii  I'otk  or  A|'r'''<^  A  ^"'  ^  'H* 
ui  tirii  lilcidlnif  and  tTp'K»l>luiiil  put." — Vtilirt 

"  No  phvucinii  in  IliU  <«un[r;  it  twiinflDBd, 
bv  pHKiiul  Miurii'iKv  tci  invv  111*  tiruttawo  » 
tun-bcok  on  Bklu  difow*  than  Dr.  Bbocouka. 
Tlia  irork  bol-m  ui  U  one  of  KTBt  nii-ilt,  and  It  ft 
•.v^iolrte  UMti**  on  iIk  whok  •Tjtjiit  It  t«>  ■ 
niiinW  at  licautifUlljr  Mloml   '  -intint 

■ho  ten.    No  eiMB or  dUcUB  i-  ->iut  ■• 

tku  or  Uio  ulilti.  DDd  Uib  ntJti.    ,     will  U 

wolcnmod  by  the  ]<Riftw]on.''— •■k'uM'ra  Clinit. 

"  A  mij  mnrful  vxaininnlioii  I<«>U  to  U>v  am- 
ciniion  thu  Slide makct'ri  'Di-<um'*of  thu  Skin'  k 
(laoinnl  to  bscuuiii  ttm  luidiiii;  Kork  or  Ito  kjud  la 
AiUVriia."— A'linriu  CWy  Jlait€al  hJa. 

"  For  <hi.'  uancnl  fitartttioiKT,  ll>U  i>  tli«  Md- 
book  ha  ihould  mIom  lor  lavctinl  pui^sao.  1^ 
Milpllon*  dts  gaoa;  iHtgtiiMe  polal*  bMantt 
JiniiM  bAuW  •  kiDiilir  |>lu>»  ara  cJcarl;  nuk: 
Ihn  dnnitiffx  Koll  (lvlti»sl*tbvin»tliic<iv«f(atMn» 
of  aptcial  olutwst ;  ■nil, ibovt  *ll.  lilt  UtanpHlte 
Kuitud  lo  iriioD  ON*  are  *all  iaJkatfd."— t'lr 
fi-ia  J/tJioil  JlinttUf. 

"  Wv  *liiiU  col  b«  accuM>l  or  onf'^MriMk 
■ebI  11'  wc  noommciii]  I>r.  ^liomukM'*  book  w 
llio  prelbnbiB  unu  tor  AmcrioiB  phnictiw  wd 
•luduiitt.  Ult  *ivlu  1*  niuptidi;'  mcif,  mmI  ifetfc- 
In  bai  ho  MOToil  hit  (TtaiMi  mrarM  ovor  Mhti 
Mnl»n  wo  DiS'flil  nnEnv."— JMmViI  Kuvr< 


"...  IiUk  trentteonllioiikin  wblch  rd  mn 
tWOmnuoJ  to  owry  jihydditTi  u  a  work  or  rolbr- 
anca.  Bad  In  wbith  tia  will  dnJ  the  latoat  vltw*  on 
paAoIogjr  and  ireatuwiit.  At  tlio  oad  «f  Um  work 
at*  a  numlw  oT  fbrmolw,  wluoh  "111  provo  nrjr 
f aluabla  M  a  rabicnco.  It  UcaRalaljaTMfMin- 
lilau  book."— aiiu.£t  Ltntd. 

"Thi>  Uan  fntlnilf  Dcr  work  ui<on  'liimiigi  of 
tboikln,  liy  one  whopiidontU  liiuhod  rery  l4U-|{o 
abanrvutloQ  mul  cxpariaiioo  lu  Uioh  oSiiotionii. 
,  .  .  Stuitrriu  aiid  pliyiklcLatiii  vUl  dad  It  wull 
adaptud  to  ^hm  want*.  A  iitopor  UiKlir  of  )|  irill 
glvv  tbL-iD  II  very  aaUalkotory  knowMgg  of  akin 
affooUaiu.''— C'liKitBiuiM  JMital  Siwt. 


"-,  .  .  Dr.Shociiiakoi'*anvll«ntwfifk 
■rill  b«  mudally  neoaptOiblota  tliu  prnfot- 
aluD  aa  bdnif  ttet  ttom  cumbrous  t««hnl- 
raliiy.  anJ  u  hninif  botto  |ire|iamd  tn 
intenvl  and  tn«u-iii<t  (hi-  fnnaMUonor.  and 
not  to  omlamiu  liim  Mith  buni«nw>m« 
dttati*  UiM  aii^t  make  the  alody  amJ  tite 
aobloM  a  ux  mtlicr  Iban  a  plea«Bra." — 
CMiytand  Ctmicat  Ruard. 

"  Till*  iremlaii,  by  a  iTDll-kne«D  wriior 
aod  autl]i>Kty  upon  diMa-w  of  tfa«  skiii, 
trill  d>iuhlli>n  noirirn  a  warm  wnlcnmo 
fhim  Ihp  profrvaioD.  Il  ix  vvemhln^  a 
t«xt-book  iihould  be.  oini'lM.  cloar,  m- 
liauiUre,  and  well  iiiiiitmtiiil.  Wu  nn- 
liMiutliijflyTemrnmniditlflnlliihpivliuiii 
and   atudeDts."— A'lttAnUr  Jirumal  of 

"  Erory  pnictitiAn«r  bn*  fl*qusnt  ncud 
ror  a  conowu,  pnmti.nl.  and  rvliaidc  iruida 
in  tiM  din|ra<»ii  and  truatmcnt  of  akin 
di«*aBM — ■  book  froo  from  tbo  onmbroui 
leihnlcaUlta  whli^li  oftvnor  mlitead  llian 
kucract.  ^u(<ti  !•  Iho  onrk  Ix'liirr  u*,  ai'd 
«•  think  OUT  nadcn  will  Ihnnk  ua  Dir 
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SnCPSON.  The  Poethomous  Works  of  Blr  Jamee  Toung 
Siiupson,  Bart.,  M.  D.  Iii  llirt-i- Vulumcs.  Vol.  I. — Sklbcted  Ob- 
STirrKii'Ai.  AMI  Gvx.K»tii.<>()UAi.  Works  pk  Sm  Jauhs  V.  SiursoN. 
Eait«d  by  J.  Watt  Buck,  M.  D.  8vg^  8S3  pagea.  Clolh,  »3.«0 ; 
ahwp,  tl.OO. 

Thia  flnt  vnlinna  uinuliu  nuin^  nf  ths  rapm  repriiilod  trnm  h\t  Dloliirir  Mviunln  bikI  CiXiliitin- 
ticiiin,  mil]  ■!»  Iiio  lrf<<tiir»  KciNk,  now  |nibli>)HMl  ti<r  tlw  (Int  limi-,  lontoiiibiji,'  tlic  •uWunos  of  the 
|TMitir«l  p>irioriiiscnunnti-riiiiUwlf«n'.  Ii  U  a  Toliimu  of  enat  inicitctlD  tb*  jirvfcTCian,  and  •  flKiea 
BtmoHiil  nf  \\m  raaowoed  •uil  inlunud  ■uthor. 

Vol.  II. — ANJt«TiiK«u,  nosriTAMtui,  BTC.  RtlUvil  l)y  Sir  Waltku  Simi-son, 
Bart.     6vu.     r>00  pa^M.     Cloth,  «:i.OO:  slioop,  $4.00. 


•Mr  of  thb,  M  of  Ihe  dnit  r(l1u1ll^,  cliut  It    mar  be  picked  out  uiJ  ttodkil  with   picuuia 
Dd  a  placu  OQ  tho  inbln  of  »i»ry  pncti-    Miil  ptoflt."— n*  £d"ca(  (jEwtrff). 


"We 
•bMiM  Dn       .  ....... 

donor;  S>r,  altliouffli  )r  i*  t>ot«hwknk.  cacli  pivM 


Vol.  IlL — DiBEADBS   OP  WoMKS.      Edited  by  Algxakdeb  Simpbos,  M.  D. 
8to.     780  page*.     Clotb,  (A.OO ;  Hhctip,  $4.00. 
Ooa  nf  t)i»  bwt  irark*  on  the  lubjei-l  exunt.    Of  iumtiniBble  vkliw  la  n*i7  plijrklaim. 


Bfccniui  ur  ItLmaiTiuO. 


SKENB.  Treatise  on  the  Diseases  of  Women.  For  the  17ro  of 
Studi-uU  ami  Pnu'titiimcr*.  By  Alkxamikb  J.  V.  Skknk,  M.  P.,  Profi-a- 
•or  of  Gynrocolojfy  in  tin.'  I»ng  Ixlnnil  College  HoKpilal,  Brooklj-ii,  N.  Y.; 
fotmorly  Professor  of  GvowL-ology  in  tlir  Ni-w  York  PoHl-grAiliinie  Mttli. 
ekl  .School  an<l  llospiinl,  i>lc.  6to.  Mil  pngcs.  llliiotriilvd  witb  S&'it  Fine 
Enfrriivinga  and  Nine  Chromo-lithograpbs.  Clotb,  M.0O;  ahcvp,  $7.U0. 
Sold  by  Babsoription  only. 

■■  If  Mkod  t.>  anlovt  ■  euiilu  for  llio  {■MPtHlnner 
tn  bl>  daily  imrk,  wo  n'-xild  unUmitkTiDtfty  Dima 
Dr.  Sluii«'«  hnok.  lit  irtroiu'  poinu  afr  Ua  <va> 
wTvatitni  uid  it*  mlouM  enoAiXafMioa  of  tlio  aon- 
Vftnatt*  rooamroa  at  our  Jiapnakl.  Tho  ■uUior 
wmr  (kIvU**  n  mgtliod  of  iroatnirot  nwnly  bn- 
cauao  It  liaa  tlio  •aiwtimiof  •  itrnit  nunc;  boairB- 
ftilty  trip*  (lie  propnanl  rcsnsdV  and  divl<l«  wiloly 
ncoirtlinif  i.i  the  Ksnlu.  Thr-  lau>tru[><>ii>  an 
Rood.  nuDT  of  tliem  ctixllltiic  liin*  found  in  »ny 
ollurr  icn.liaok.  Tlio  bMlonaa  nf  nan  apimdcd 
b>  Mcb  ipul^unt  ant  an  iiitnlujiblc  aid.  To  nwEar 
IhM*  porticoia  of  the  vork  alooo  wi-uUl  clra  th* 
nad«T  ■  verv  fUr  knowlodifc  <>f  ilio  wlicJa  «ub- 

'•  Wo  moinifiid  lliii  milnniD  lo  all  tlodunta  anij 
Mfami  irhOM  hnocledge  of  ■ynaviiliv.^  U  ciilitir 
eanlWd  ta  raaty.  Ii  will  h«  (band  wvful  aa  a 
SmI  nArrteiw  tmrire  ntniiiniiiioiia,  Tlw  aulhcT 
dcaarvis  irti>nl  orvlit  f-ir  tile  amount  Of  pattcM 
latkir  bo  haa  ntieiidud  in  makiiiji  ibo  work  to 
MDipnlieiiiivc  and  door."— CWtarntw  Mtiiial 
Jbfotii*. 

"TuPfttfinaorSfcoM  imdoubHdIy  belonin  the 
owiit  of  haling  writUa  Ih  look  of  iht  j«ii : 
nothioK  ilmt  t)«*  appaariJ  dnrins  the  at«>on  cn<i 
be  onmrarud  with  il.  Thci*  baa  lonir  hiWH  a  nenl 
f.ir  a  wit-l»ak  thnt  ahoald  tmnprrbni']  all  tbo 
iwsnl  advaaoa  In  K/nmcolety,  v«t  nc<  b*  ao 
'ttnwdmwn^nt'  a»  to  b*  ttdlniu.  PmlWnr 
8kaiie  ttii*  a****  IhU— wrilbs  in  an  nttmi-Uve 
■liW.  ypl  In  ti'fni'  an  plain  na  to  bo  mmi»takabt(> : 
till)  *..rk  ti-Mr-  ii|.io  the  fiHx-  of  It  lb*  IfKt  tlint  il 
l>  tlie  ipHi^iwili  .if  the  cvivriaoM  of  the  author 
■B  a  lotaf  and  artiv*  looAMiqanal  life,  ihiTotail 
alinait  MHdualwIy  to  tha  tnatment  of  dlaMaaa  of 


wmm.     Il  ,    iidui-vur.  not 

ftwin  the  atcr  .    hm  it"ib  that 

of  tbo  LiDer...  .i-   ibtf»  ii  a 

womao  livyond  Uiv  ul*ni*~vh»c  |ir  ifniili^al  ^jg 
U  not  lyinftnHl  to  what  tan  lie  aten  ihraosfi  a 
afMUlun.  AkbIb,  tke  aulbDr  haa  not  j/ivra  war 
t?  tha  HirKteal  Ibfor  that  now  wltatM  the  iBi<di- 
<al)  vorld.  but.  wUI*  fflvlnii  dnc  altraHon  |a  tho 
■unrlaal  |>ruoedari->.  «l  the  tamr  time  hw  kept 
noMlandV  In  mind  lli»  unlieBl  trratmtnt  ti  all 
(ItaniHv  liabU  tn  ylrld  Vi  medlcalion  aJnne  But, 
hnur  tbiiii  all,  lir  hm  maniftilml  no  icndccK'^  lo 
'ritle  a  bobbj.'M  liu  twai  Um«sb«  aitli  aU  V 


4» 


2f.  APPLETOK  A    C0.-3  ILimTRATb'R 


Braouu*  ar  tLutninOK. 


'■  T)i*  IUIIII0  of  SIMM  will  Maw  tho  rwddT  to 
ui^n  ih'u  volouiv  H>lb  %n  ei^tr  intcrHt  tliM  ■■ 
l>«  amply  iunliHcd,  In  tiu  (ilan  odopud  io  ihk 
bosk,  tiic  liiiBiH*  of  «aiii«u  an  dividad  isMtlm* 
cIbuc*.  iIl  :  ThuM  wtleli  ornir  bctncvn  birtt  did 
puberty.  (lifM  bcaomi  pulwrty  and  th*  »«d^ 
p«u*c, and  l)'«u  whii-li  tninu  aiMr  tho  Miiniiiaiiiii 
Knoll  fubiis'i  \<v\ng  Mt'Ay  dMcribcd  wltta  DbMy 
or  «*»,  ifplal  (nd  cKuipIloatcd.  irlikti  an  tfiTWD 
as  lltuixniiivc  of  iha  dlivsM  or  Iqjnry  under  cm- 
rlilBnilli>ii.  Willi  thn  ■ulh->r'i  tDMbod  of  tnmimiL 
111  iTnnyiuL-  'lilt  lliis  ptnii.  Iho  hlMotj  of  ^^nolqir 


imdDWMxn  io  this  doptftnMntof  raoillail  llwnt- 
tUTv;  oil  dlicuHB  am  coiwldand  bttefl;  or  *iti(i- 
rivoly  III  ocotnlanuo  with  Ihidr  Jcirnn  tX  iiD- 
piiitiuiov,  uid  mimy  aiibjKU  uot  hitiwrto  nicciaily 
HMMiIioned  nr«  B>t*ii  tlie  prniiuDeora  they  dimnu. 
T)>w  la  MpRTiAt  tbo  eoao  vftb  dlacnaa  of  tho 
blajilor  and  uniiini — a  oIub  Itnio  undgniood  by 
tb(j  aT«ra«  phyxldan.  yoc  of  prima  tmportaEm; 
•0,  bM,  of  tbv  abna*  qF  ptwaarM,  rfvav\<mj  t» 
nlotnl  la  LDniiil<-,  and.  boat  of  all,  Oib  me  of 
elwtriuily  in  tlie  ircntoiont  of  uterino  luuHini."— 

*'  Wo  miuil  tho  bnnk  as  one  of  thg  beat  cxiant 
on  K)*iuM0l0(^,  and  npooially  ao  (or  tho  atudriit 
alucclior>)  i<nft!tiancr;  anil  wc  Ihlali  that  but 
fb*  apaelaliata  can  nuut  It  wicboui  pmEi  aa  woll  lu 
[iloHuto.  TUa  illii-tnitioiianro'if  iiinn  Ihan  naual 
GXntllniic*,  and  miiDjr  cf  Clii>m  bi\<  (iriifinul.  Tho 
printinit  atao  ia  grmi,  but  tlic  p»par  <•  fntbor 
poor.''— JTaf^'  •md  .^rfiatl  B^okw. 


SUITH.    Health :  A  Hand-Book  for  HousehoIdB  and  Sohoo! 
Ity  KowAUi.  SMtTii,  51.  !>.,  K.  11.  S..  Fellow  of  the  Koyal  Ci.lloRe  nf  llj 
eicians  and  SargcoDs  of  EDgland,  eti?.     19aa     Illuitratvd,     198  piigvt. 
CloUi,  «I  00. 


am)  llin  diKUulon  ot  afl  iiia]iuttid  qaaUlou  !■«* 
bi'Hi  omlri-l  aa  bt'lnj,-  iit  niiaiKa  villi  WMf* 
iii1up<o<I.  Takm  attA/rliiiiT.  ue  flinl  tint  II  iaraa 
vf  tliu  icrj  U"!  booka  MrtKtit  uii  tbo  aoblrct  cf 
l.7na.>wliiuy,  uid  *c  mD  kM  too  vartill]'  n 
mond  il  to  Uio  tca-icn  of  IW  Kmt  Snal, 
MontUf." 


■a-.-^! 

iJH 


It  U  iiiUudi-1  lu  iiil^imi  thu  ml&d  on  ll>«  mibjcrta  tnviilviil  in  tbi;  irnpl  Iltultfa  to  ahow  ho*  b- 
may  be  ntaincd  and  lll-healtli  atoldcd,  gad  t^  ndd  to  llie  plmmm  and  uarfutorai  o(  Ilia. 

ninc«.  and  iiffcwdt    from    ll: 

food,  VriiiH  I'liKvuvv  <}FaSij|i|^,  iV(<rrrrrii,^4  rvvVK 


"Tlio  uutlior  i>t  thU  Riuniul  faoi  rcndcnvl  a 
mil  uivliv  I>>  fMiiiUita  and  [cu>lion<.  It  t<  n'>t  a 
mere  ircnrl-v  <>u  limltli.  Hiich  ■•  would  Iki  written 
by  a  inatliul  r-mlFaiin  ^or  mmlicBl  atudmU.  Nor 
la  It  a  tri'iitiw  on  tlio  Irantinenl  of  dlaMUE,  but 
a  plain,  i-<>Miin"ii>'vniw  anaav  on  thn  provanllnii 
of  iD-vl  of  lliv  il1>  Dint  lloali  1*  ll»ii'  Io.  Thvrv 
U  no  doiilit  (hnl  iiiiKth  of  the  aiokupv  wilh 
whk'h  hiuuuiilly  ll  aftlluud  la  tho  reault  of  ijitio- 


«■*  "f  Inproiar 


ill'VpiitiliiTi'd  Hvrluliiipii,  lin|>iira  waict,  ami  vifai 
tikt  pminialilc  oauan.  Lq,-la|allnn  a*d  amnl^ 
(lal  [I'lfubiiiooi  may  do  aoinotl^iit  !■  ite  IIm 
iif  pn'viAiitbn,  bat  tbu  ptoplo  tltcmaeliaa  om  d* 
u  i.'nni  diwl  nnn. — jirticnUrly  it  tirtfiTtfy  <•- 
tiuliiciird :  and  lliia  m  Ilia  pur]pHK  ol  (Im  lacjk" 


SMITH.    On  Foods.    By  EnwAim  Samt.  M.  D..  I.L.  R,  F.R.S.    V«\\. 
of  the  KoyiLl  College  of  Physiciana  of  I^ndon,  i^to-r  olc.     I^io. 
pages.     Clotli,  11. 7S. 

kdiyirlodaB  Mipactlst  Aaea.    Tliu  praastil 
1*  inUndad  to  iii*a(  thia  wuii,  a»d      ~ 


"HIiiiv  the  iuuA  of  thu  ■Qiliai'a  work  no  'PrK- 
tiottl  KiMnrv,'  lio  ban  fill  Ihc  want  of  anntbor, 
whicti  "ouU  inibmn'  all  Ihu  Rvnerallr  kurjan  Dad 
aomo  less  known  fwdn,  and  oaoioln  the  UuhI  iclon* 


lido  kniywii 

umc         _    , 

Ibund  u-i>rul  far  kAnqw,  ta  toUi  aokvtUo  i 

guosnil  rmdar*.    Tho  author  aaticda  |ba  ordiaai} 
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ywn  of  IboJ*,  luiil  Lnd  udc*  nlir  uid  air,  iliMe   oav  tiptriaienU,  poUM  •  very  hiirh  rkluc    Wa 

-      ■  ■*'  '-  -■— '-  *—*  — -"  — ' liaiD  nut  Tar  b>  ica  In  thi*  work  f"!  or«»lcin>  of 

IkvonbU  erillcwin:  \Xnijiaem  tbiviuclioiii,  but  urc 


thiy  iro  iiiip"riaiil  bdtli  in  Uirir  food  oitd  NOiliar; 
u|wo>.    Thu  l-Mk  ooauliv  ■  Miloa  of  dbiniju. 


li'.ii  >uJ  nvpintion,  and <d  variom  kind*  at  ruwl 
LID  n-apinUoii,  xhich,  >*  Ihc  luuiuof  Pr.SaiiUi'* 


[Vrliain  moA  apHniit  In  tfaow  pan*  uf  Ihe  nub- 

Cot  *iLb  which  lit.   Smitir*  name  b  •HMOAllr 


SlfflTH.  Diseasee  of  Memory  :  An  Essay  in  the  Positive  Psy- 
chology. Ity  Th.  Kibut,  Aiitlior  of  "  iliTcdily,"  etc.  Tr.iii«l;iU^l  from 
tliD  Frrnc^li  by  Willum  Uoxtikotok  f^Mrm.     ISmo.     Cloth,  tl.50. 

leal  aaaodMloiu,  raryataUo  and  verriarxiiiiuv*  to 
tirt){<i)r  ttlmulL  .  .  .  Tlia  bnin  i>  Kkr  a  Inlnirutory 
rullor  mryroiiiaiit  «h*t«  tlinuaoiHJi  of  ngwraLiona 
or*  tfolii/  »>i  all  Bl  (inco.  Uuvonuiuua  (wnbratlon. 
uotlwiuK  "ultjwt  to  natricUotKoTtlmcopanitliv, 
■D  u>  apeak,  ontj  la  apaoc,  maj  ati  In  aavcnl 
dlnellaiu  at  tho  mum  oKinank  C<4iKtMuiien 
la  th»  narrow  t»^  Uirouiih  whkli  u  1017  unall 

6 art  or  all  (hi*  iroik  u  able  tn  rraiJi   u'*.'      M. 
:ll»t   thua   rnlucva  iliacaMi  or  li»Tiii-rv  lu  law, 
and  Ilia  mat!**  ii  of  atnardlniirr  ininnot."  — 

"It  ia  not  UM  I»Ul^ll  to  uy  that  In  nn  atnirla 
work  hav«  *d  many  curlou*  otwa  Ixen  broii|[bt 
t'other  and  tnlcrwcWiI  In  a  aclatltiflc'  mannor." 
-~ButUiH  I'ttaii-f  TVaiWfar. 


"  Not  moKtlv  to  adantiflo,  Imt  CO  itl  thlnUiu 
taon,iti)ivi)1u[iiG»tU  prow liMwady  iMutMag." 
— jtiit  I'vrt  (Maima-. 

*'  U.  Rlbot  baa  baiMweil  Uie  moat  painotakinit 
UUntlon  uwQ  bl*  tlionw,  and  oumcniua  cuunplea 
of  tiu  ouiulltlana  cDnildend  imiatly'  Inorcaaa  tlx 
valiM  and  iotPTcal  vt  Iha  valuiBt."—/'^ilaJi!fJUa 

" ' Uainoi}'.*  aaji  U.  Rlbot,  'la  a  gonenl  func< 
lion  of  tba  nvrvau*  hi  ■i«in.  li  1«  laud  npon  ilio 
llMulty  poiaaiaad  by  ttia  iiFTt  niia  vlFBumta  of  oon- 
Mtringanctitad  raodlOallon,  and  of  rnnnlnuan- 
a«dallana.'  Anil  «^o:  *ManiQ(y  la  a  blologlail 
Uiet.  A  rich  and  cnsnalvo  msinoiir  I*  not  a  coTleo- 
Ivw  of  iuprMMOD*,  but  an  aiuuaiiilaEbin  of  d}  nain- 


STEIIfES.  Oompendium  of  Children's  Diseasee,  A  lland-nuok 
for  I'riiclitioDtTs  iind  Siudi-iit!*.  Hy  Dr.  Johaxx  firKixicR,  Pmfvwiwr  of 
lh<-  DiiiMinuK  of  ('liildn'ii  in  tliii  TJnivvrNty  of  Pra^i.%  Triirialati.-(1  from 
tho  Hri*oiid  Gormnn  edition  by  I.awmon  Tait,  F.  R.O.S.,  Snrgcon  to  ihp 
Birmingham  Hospital  for  Women.     8vo.     Clo4h,  tS  60  ;  sheep,  t4.50, 

*'  Dr.  Stetncr**  book  luu  mot  villi  aueh  uiuikud  uicoaia  In  G«rmiUiv  that  a  MKond  oiIIiIod  ha>  almtdy 
appur*'!.  a  rirciinutaniw  wliiub  lioa  dulayod  tba  appMrarint  ct  lla  Kiijilliih  form.  In  order  tliac  I  ailjchl 
b«  ablu  ki  iiirr  111*  Mlditiaii>  and  corravtloDa. 

"  I  bu\'t  wMvd  a«  nn  ApivndU  the  '  RuIm  Ibr  ManDOFnionl  ft  lnlknc>,'  wbioh  ha>v  \Kva  inuod  by 
the  KtalT  ff  tbo  tllriLlujIiim  Sick  ChlMrcn'a  lloipilA).  Ivuiuie  I  think  ihul  ihey  bavu  tet  an  oxample, 
by  ftvclr  dinlrihiitlri^  IhuH  ntk*  nniouit  llm  iNior',  P<r  wblitb  lli^  I'aa  D(4  buiuWulcnlly  oomumidgd, 
and  whii-b  It  would  cm  wiaa  ftjr  Mhar  alok  clilldnni'a  hoaplial*  to  nillow. 

"  I  hhvr  ilan  added  a  Aw  eotM,  chiofly,  of  oourw,  rehaing  to  tbo  aui^cal  siltaanu  of  oUldran,"— 


STEVENS.     Functional  Nerroos  Diseases :  Their  Causes  and 

their  Treatment.  ^Icnioir  fnr  the  <\mr"iir>i' of  lHHl-I^A;t,  Aea<li5mie 
RoyiiItT  do  IlWdecine  de  Ik'lgitjne.  With  a  8(ippU-mfnl,  on  thu  Aiiomali(« 
of  Rofractioii  and  Aeeonimodation  of  the  Eye,  ant)  of  i1h*  Octilikr  Miim-Uii, 
By  Geobge  T.  Stktbxs,  AI.  D.,  Ph.  D.,  Alcmberof  th«  Amerienn  Mitlici] 
AKDoriatton,  of  the  American  Ophtbalmoloiiiral  Soelt-ty.  <'lc.  ;  funnerly 
Professor  of  U|)htbalraology  aud  Physiology  in  (he  Albany  Medical  Col- 
lege. Small  Svo.  217  pages;  With  Six  Photojtraphic  Platci  and  Twelve 
IDustniionB.     Cloth,  (2.60. 


"  A  nrafnl  alndy  nfihla  worli  nill  iindDDblsdIy 
#laa)r  up  many  liilhrrlo  ilh*  undonrtood  (a*oa  tit 
nwon  tronhle*.  and  will  liml  u  a  mora  aoMnM- 
rm  trtfltDWni  of  lu.'li.  .  .  ."— ywi>   Ittilietl 

"...  We  hranlty  CDinmind  hli  book  to  all 
Iboathtful  Mudcnta  of  nnmoua  iHnaaia.  fttllae 
aim  tbAt  (liir;  nn  not  fall  of  Icdi&s  in  It  miiat 
valiiAlilv   laat-tiantL"  —  Jttdieal   aait   S^raical 


".  .  .  Il  I*  feftunaio  Ibr  tbo  panfcaaion  iliat 
Dr.  AtBTena  hca  donr  hi*  tisw-  lull  JuMlta  In  ■ 
work  10  which  all  o»b  bar*  aeiva.  Ibr  tlwy  ow- 
tainlv  di»«r>«  mFeflil  attmlioii."— JMtm'  /tw 
^  WtHtm  .Vrfu  Tort. 

"...  The  work  la  imlBMHly  iacccatltv 
and  pac^eal  upm  numwroua  foinia,  au  nuM 

SriiTD  iManadnit  <«d  wry  narfU  t»  tfce  •*•• 
i-nt     aod     pnMltlanar."  —  JJoWAim      jr<^Ml 
Omied. 
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D.  APPLEToy  s  co:a  illcstra  tbd 


STONE.     Elementa  of  Uodem  Hedicine.  incln<)ing  Principin  of 

Pathology  iind  TberajieulifM,  with  msaij  Useful  Memoranda  »ik1  V«lii«Wi' 
Tahles  «f  KvfcTenc«.  Acvoiupaiik-d  by  I*i>ck<--1  Ft-ver  Charts.  l>Migi»o«l 
fur  tliv  V*i:  uf  Student])  nnd  Practilioiicni  of  Jludicine.  By  U.  f^KVcn 
Stoxk,  M.  D.,  PnifeiiHor  trf  Mittvrift  Mi'ilio  and  Tbcm{wutica  and  Clinical 
Hcdioine  in  the  Central  Co]ief;c  of  Phyiiiciatis  and  Snrg^^'oitfi.  Indionapoli* ; 
Pliydcian  to  tbe  Indiana  loslitute  for  the  Itliml  ;  Cooaultinf^  l'by»i<;ian  to 
the  Indianapolis  City  Hospital,  etc.,  do.  In  watlet-booV  form,  with  pocket« 
OD  each  vovit  for  Momornndn,  Temperaturo  Cbans,  L-t«.     tS.M. 

'ThU  !■  ui  nt'riilev'^  wDrk    in    pnokut- t»>k 

n,  tovwtilliitr  '111'  Dioni  olvuiood  rl«WB  of  Inicl- 

t«utbari(iw,  with  rururun^^u  to  i^nnrtl  palliolour 


Ann,  tovwtilliitr  'lie  nioni  olvuiood  rl«WB  of  Inicl- 
ina«utbari(iw,  with  rururun^^u  to i^nnrtl  palliolour 
mat  UiNaponlin-    I'luler  nncnl  |MiJiult«v  nrv  !(i- 


cIikImI  uliflei  on  cho  arliitn,  nMurr,  and^iimli'in 
of  dlMMO,  chief  (jmiptDOi*,  diji«nowa.  |>ro|(DcHi>, 
■nd  tnaUDBM.  In  tbo  tveooA  yn  will  b*  Ibuod 
nliot  b  reganloil  bjr  Ihu  kuthor  u  tit  impravod 
olMoltettlon  of  ilnitn.  thllow«il  \g  midM  on  Uirir 
plijiiolniiiuiil  iGtuiD,  in'llntiinia,  and  nwtfiodt  of 
at*.  Tlw  «ork  i»niiuii>  a  fmtA  of  iwtrul  InlbniiB- 
tloD  cnllod  ftr>iii  tlu)  boat  authorlllai  In  tin  Old  aoil 
N«w  Vi'ufl>]."~f.liiur.£f  Lvte^ 


"Tlii*  M  ■  niwilr  printtd  pockM  BaDwI  et 
DKdical  nraetiM.  tt  ■■  •  n«U<»iit|eiiMd  oc4m4U' 
tton  of  Clio  klod,  cctnalBtDC  ■  >lion  aktUfa  tl 
nmlv  ovayltilDK  lliai  b  mtt  wllb  la  , 
Til*  Vevpi  chaiti  an  «*ll  amncH,  ■nd'l 
a  MnccDiriit  Uiinpeiitic  lab)*  vlibda  _ 
ftiund  valuable.  Ii  will  rr»babl]r  he 
mdlaUe  for  yonnit  jmciiiionvrt,  on  Kmutil  ef 
iU  cofit^inii  niMir  pniMlnl  ]<oibti>  Ifaat 
not  lo  be  pjunil  (lsmh««v  in  Micb  • 
dcOMd  uianncr.  li  *lll  be  Ibimil  a  valu 
aid  to  thoM  jtM  tumioondiut  ntxtlos." — .1 
tat  IhraU. 


STRECKE&.     Adolph  Strecker's  Short  Text-Book  of  Orf 
Chemistry.      Uy  Dr.  Johannes  Wislicescts.      Trati^latti)  and  eiJi 
witb  Kxi«n«ive  Additioiiti,  by  \V,   11.   lIottuKixso.v,  Ph.D.,  and  A.. 
Gbkknaway,  F.  I.e.     8vo.     7*9  pages.     Ciotb,  »3.n0. 

Tha  itraal  popQlarity  whioli  Prrt.  Wi-lio-nuaV  tditioo  nf  "  gim'kvr't  Tvxt'Bnoli  of  Ormde 
iiili7"  tuta  oigoircil  Lo  Gcrmanf  Uu  Inj  to  thn  belief  thai  an  Eii):li%li  trantJatlian  Bill  V  *fi*». 
Slow  (ha  pubUcatloii  of  Ibo  Ixiolt  in  Gcnunoy,  ilic  knonledin  oT  onruutr  obcmliliy  has  IncnaMd,  add 
tbia  Iiaa  DBomiutoii  moii;  adiUtioaa  and  a1tunili<  >ii|  ou  llio  pan  of  il»  tnnalatois. 


tmaioK  or  lktv«uTi«i. 
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"t«C  DO  ono  auppoa* 
tllMin  lUi  -rfiffft  -^=- 
book'  «•   halt 
*lui  a  pcinirr. 
Ihifif !«  roni|>tr: 
tliv  lerm  'aliun* 
Tulition  in  Ihp  l_ 
dcTdcqiaaMit  and 
of  ni«(«i  iwxialc  _ 

i-lry.       ThU   wild   

«<inf.rpbeiuuvi>  luliina  if 
iMcnJcd  tn  rvnivaant  th> 
jirMtait  oondiDoD  of  lk< 
aoU'noo  In  iu  luiate  <Mi 
and  Iwdlnn  pt(ndpla«^« 
donunded  £y  Am  < 
matle  diMnaca)  -^ 
We  )Mv«  luTC, ' 
Ih*  beat  Munt  I 
ofornBloclMiB 
mill  !•  ti  full  as 
PirJmwii'e  and  fVv_ 
bJ]r  cltor  ud  wtfbnJ 
but  It  b  Np  to  tka  ... 
laiMt  BOnont,  and  li  laa 
IwoD,  itionrivar,  pnjvnd 
in  a  »ay  |.i  •*ciiit  lk« 
irrMIBM  iur«llriica  to 
•Ddi  ■  tcwtiie.'*  ~  rit 
/tfWurjJMaU) 


CATAIOOUE  OF  UEDICAL  WORKS. 
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Sricuias  or  liMwiutuoL 


STBUUPEUj.    a  Text-Book  of  Medicine.    For  iStixtoiits  uul  Proo- 

litiiiiiiTH.  By  AiH>u-it  StuCmi-km^  formerly  Profftwor  nml  IHix-clor  of 
tbe  Medical  I'olycliiiic  at  ibe  University  of  I^ipiic.  Tra»Hlat«il,  hy  per- 
miidioD,  from  tb«  Hutrotxl  ami  tfiirO  (Vmiaii  iiliiion*  hy  IIkkuan  F, 
VicKERT,  jV.I1.,  3L  D.,  AHHi^tAiit  in  Clinitiul  Mcolicinc,  llarvunl  Modical 
School.  «t«.,  and  Fiiii.ii-  Chouiik  Knait,  Pliysioiiin  to  Ont-pntivi)t>  wiili 
l)i»c«s««  of  tbc  Nervous  System,  Uotitun  City  llof^pitnl,  (>tc.  With 
Kdicorial  Not««  by  Fbkdsbick  C  Suattl-itk,  A.  M.,  M.  U,  In«lrtictor  in 
tbe  Tbeory  and  Practice  of  Phyuo,  llarvanl  Mrdieal  Sohool,  ptc,  Willi 
lit  lUuHtratioiis.     6vo.     S«l  pag£«.     Cloib,  tiV'HI;  »hv<'|<,  17.00. 

■■  The  abaTv  work,  which  in  dot  ta  tam/l  of  our 
niulwrs  ho*  idiloTud  gnni  ■tii.'nii*  in  (Soniiaiij, 
liBviiuc  nadinl  Um  IhirtI  nhliun  in  a  vciy  ohon 
tiluiv  ll  liat  booi  iulnxlucvJ  a*  tlio  Icit-book  nu 
luoJlolim  in  tb«  lluiani  Unlial  School.  Tlic 
«H«k  l»  niuokUy  wauuouJaMc  In  It*  irfaim^ut 
■if  iwrreua  iIWmoi,  irliloli  uro  Ji-ill  nitti  Ttilli, 
toori-plj,  mi-l  .Imrlj.  Thti  patbol'V}^  of  diwiMi, 
jLi  rfi>t;CLt  tit'  .iE"'ii1«J  fr?(Q  KttOjiucDt  ■  IcjutJitT, 
liiui  tpcf'.tol  iluv  uu'l  nniflil  aUcalkiii,  uJ  Ibii  1> 
■iiutlior  itiuiic  l<Hlu>i)  of  tba  work.  Tli#  milhor 
ffti*  In  iliin  nufk  lh«  iMiilia  of  tho  cnvrifnoa 
nud  nbwTVRticm  of  roam  tlwa  mt  tein^  ««liv* 
nMk  IM  Um  oNdisal  olisM  Id  Lripalo.  WolmalUy 
duaauiil  tbe  work  MlbaaOuulIoiKifouTmHlinL" 

"InifBtaor  tholkot  th*t  wllfab  tke  IhI  ]r«n 
or  two  w  Hany  axRillmit  work*  on  jnocml  mi'ili- 
diu  hin  apfiauvd,  we  Uiink  than  iiltl  lx>  rouiiJ  ■ 
|d«n  ftir  (liD  volunw  belbn  ibl  Tha  b«M  juirt  uf 
the  bonk  \*  th«  n«tina  il»Tot«l  ta  Mrroi*  JhoM. 
The  vtriou*  albftiouii  of  Uio  n«iT«iu  iiitom  we 
aWuatd  In  k  tm^  o^ndM  wnir.  lo(«liaT  wilk  tho 
aim  lootnt  illwDVeriis  in  ncun)-|«tholo^.  Tlio 
liMulaloT*  Ibid  dotui  tholr  "'ork  will,  and  the  nli- 
lor  h^  mad*  a  numlirr  of  lai|<irliint  uldltlKiii. 
Altft^boT  the  book  i»a  vrrj-raliial'lD'aiurlbiitlia 
andcoinplUlSon.  anJ  will  bo  uwftil  both  to  Mwliir 
and  pnotitkiiiur.*'— JAuribHf  JMffoJ  jQurnaL 

*■  Tbo  work  bsrorn  lu  la  on*  tliM  b  f«aalini]' 
atmifira  to  dia  ahidont  of  moi^ii*.  not  onl;  on 
aceoairt  of  lh>  wDll-delineaMd  Ueraiin  iilisi*  of 
aB«UMllt,liut  e>M<4*1lT  (l»rlfiaalo>riinilni.vurate 
pMbolon  ^veii  liy  thi  atnSor  in  alinort  all  di»- 
«WM.  Dr.  Shaltiisk  •tatca  that  b»  i*  ac<(<Mii>ted 
with  no  work  wUdi  tnaH  of  Uio  diivMMa  of  tha 
lurrima  ajnCstD,  In  wliloh  oar  ItnoaMoo  bu  ad- 
Tinoed  la  nfitiJl)  of  l«!«  f  *»r».  »  fiillj.  conriieljr. 
anil  oloarl^-  ITh  •lilo  U  clw  f-'r  ■flcrmui  «oiT, 
wlidi  aa  a  nilo  ito'  not  mskf  mmlaU  la  lliU  par- 
ticular. Tho  tnmlaior^  hato  oivrfom*  the  ctklE- 
ealtUa  of  tlie  orUloal  •"  •noHwrull}  tlial  tliay 
bi'C  mnilD  it  a  ilc>'i<l»K>'  *«niea>bla  l«n>bonk. 
Tli»  lm.k  i.  4%uvmtly  rt'oulw  la  (iMttMijr.  hav- 
■lU  raafhc.)  Ibu  IbinI  Wlilion  in  •  oaiDpantlvnly 
nhon  time.  uiJ  nv  il<-<  wi  >l.»ilrt  hut  tbai  !u  p^n- 
tottv  Lu  Anwriei  ulll  •'■in  In  aanirod."— J(«m»- 
flffi  f'«Hiy  JfWtrii  U^'rUj. 

"  I  Ilk*  U  «•  wan  that  I  hat«  onmniBiida]  It  t^ 
ni<r  daw  and  lia<ni  otllrd  oiierial  atlaotlun  to  Ita 
Araa  bnadnj  t>a««  lUo'icJ  to  Ae  nrnrnu*  •;*- 
lua,  brtnitins  U  due  all  the  kaowbdff*  which  lb* 
ImI  Ian  i«an.  mocv  than  aiuiy  oantvrica  paat, 
havB  brouiM  to  ifcc  um  of  tb*  pref^ndon."— 
II.  D.  DliuMk,  H.  D.,  l*Bft-tir  «f  fit  /Mx^pte 
inJ  PhMliir  of  lt«liiiitt  wuf  ahifoi  JliJuitt, 
Cblitf*  qr  Mi4ifi«,t.  SyntftM  Pnira»Ug. 

"  I  Doaaidar  it  lb*  It*  (ajB-hook  of  n>Hli<n>u) 
wiib  wbM  1  Ml  MStuiaiod.    Thr  |«rt  oa  nnnrnna 
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dUaMia  I*  M  oweiloiii  dial  I  «bal)  tt<««na*Bd  tka 
wholv  bMk  le  ui;  (la^  ■•  a  l*u-ta>k  an  iTmbm* 
of  til*  aarrou*  •niaiD."— Ummst  lira,  M.  D., 
U..D..  /Jmo  ^  lit  KuMr  aid  Omtriln  l*^ 
/tmor  <if  lit  l^dUtUm  «f  JAM**,  Aling  tltii- 
ealCUlf<. 

'■or  Uw  U«nrMi  lau-boakt  <J  pnKticv  Hut 
liaifl  bfrn  Itanatatnt  huo  RncHfk,  Cror.  Btrma- 

r()l'.  will  pn-lialilr  taks  ih*  Jiiahtrt  rank.  B*. 
■iprti  iu>  citn  oUl  be  (uund  ai«rf  <oaiI-lM«  and 
rrati'iniill''  dvwri|'Ilon  of  all  lb*  diivaiM  wliioh 
■rr  t'luMil  iiniivr  ilir  hrnd  nf  lacetnal  mnliclat. 
TnllkB  ntwt  of  tbc  lann*  wnka  on  prectlcc,  wo 
do  DM  (Inil  Uio  i«elLi»io«;  dlacoun*  <>n  miicnil 
t<all>nlo(l(>al  Mili/ocU.  an  oaitaaon  wlilob  U  vvrj' 
iuiM!fa  to  be  oKuiiatndi'd,  btoaaat  than  an  at  Ibe 
pluoDt  dM  (O  miaj  •fMdal  lnatla«  ni'-a  (lotlio- 
l<«Ied  nt^ecMtlM  tltnvlanalanir'r  >  drwuI^ 
IWaueliaHVtloO  b  awnrfcoTltii^liiod.  Whika 
i«  lin|-a*>lbl(i  to  rvlsr  To  all  IbMc  fait'trulatly,  wo 
nuy  call  aitrntioa  to  Uia  cfcaf4cv  rn  Tjphmd 
Fartr  w  bnnx  Mptidall*  valuablo,  not  ooly  on  ao- 
«ount  of  tba  adraaetd  *■»*•  la  ninrd  I*  ifaa  pa* 
Ihnkwy  of  thai  atoaaa,  butaha  botanaa  of  tlia  caia- 
M  doaaritiltan  ft  lu  dlalial  hlatory  aaid  <t  >■• 
OoOment.  TakMI  alUi|rMfe«f .  ll  k*  on*  of  the  naix^ 
*alMU*  wcfls  M  pfnlte*  thai  aa  ban.  and  ona 
wUdi  aronr  tiudhiai  praftitionc*  aliooM  V 
apw  U»  abalna."— .tiw  I'art  JMfml  .Anwo' 
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8WANZY.    A  Hond-Book  of  the  DiBeases  of  the  Eye,  and 
Treatment.     By  IU\ky  It.  Swamsy,  A.M.,  M.B.,  F.RC.S.I., 

g«oa  to  itii-  Niitiunnl  Kyo  and  Ear  Infirmary  ;  Opblhalmic  Sui^'on 
Adelaide  Hos[iitaI,  Dublio.     Crown  Bvo.     43?  |Kigett.     Wtlh  1^3  lllustra- 
tion§,  and  Uolmgreu'a  Test*  for  Color-Ulindueas.    Clolb,  >3.0(). 

"  Ttiaiisli.  amid  Uw  ninDemu*  rtc*nt  xrxv- 
hocrtft  tiu  tfy^MJi ><■■♦■,  ibgffv  wnuM  4]i|'i'ur  to  Iv 
lillle  main  orinxmitv  fcranollior.  wi'  iniwl  urimil 
tlwt  il>ia<awiiaMiSciu>pnutBt!D.  dv  tbudininblg 
tfitf.  Illiuirailoiui,  *nl  ■!«■,  by  lu  ctou  nnrdlDtf, 
MU,  otnfD  all,  Ii7  tlir  vivl  luKniiit  of  lartol  isail- 
to  nrliicli  H  viiitimiiy  iritliin  thi'  n'lalivdi.  wuall 
oomiuH  ^r  moiDi)  tiiu  liuiiilml  |ia2tr>.  Thu  uuDinr 
km  oiiiiTiL'J  — anii.  Ill  our  uplnioD,  aitli  porfott  \f\%- 
diiiii— iIjv  iinuiil  culbwtl"!!  cf  imlllTaraM,  HWiniJ- 
Iian-I  i>;>>^llmlinii*ci>)>io  plal««.  ^u,  al-n,  lie  lu*  nut 
induili'id  liHt-tfpH,  thoujtli  Ix  l>v<  appuiiilvJ.  tor 
cxplnualor*  purpoao.  tlie  Bui  wblch  1>  ottea  iwiij 
In  utiiliiuntm.  .UmlraHii  nunplta  of  [lie  i.-<ilL>ruJ 
VDol*.  OMd  in  Ilalincnui'i-  UO*.  n*  ••■  w"  int-  tlio 
oarer. uid.bjr  aid  (rfthMn,it  will  iMfinrlovtli  Kitliia 


UiD  powar  of  Mif  ana,  wharovor  n*idlM,  lo  i 

n  pnipvr  cnllNUOi  if  coIopm)  wnol*  bU  Ml 
thi!  iiiulilaiitu  eatiiiuiticin  of  coDA«titUl  ' 
ttuSa.  W«  burn  crt^-bol  fix  book  at  tmielli,  i 
drawn  attiititiun  tmiy  u>  [«tiit>  aii  nhicti  ' 
■uthor'a  ojiiiuon  i*  at  rariasM  with  Uia  tmaa 
riMoivad  iniachl*^.  Ttua  »o  haiv  doou  Imau* 
thoi*  U  muob  iDdlvUntUiy  In  tbe  wark,  oUtt 
b«m  nrr;  tiwirk  tit  ImTinit  tmo  wiill  UxiiiflilaU 
aaJ  in-!"i<'T><I.'iill}  htiIIoii.  Iii  tliw  rvtfnU  il 
prmniu  a  muckii]  lupuiicinlj  ovur  ll.c  iMiaaq 
run  of  m«llatl  tund-booki ;  uid  *o  lum  m  bo*' 
Utlon  in  ncaniia«Ddlnc  h  la  •tsdinii*  and  jmaa 
pnwtiliaiion  a>  ooarf  Uio  vary  ban.  If  not  uxailS} 
ihf  b(^  waifc  M  ia««aN  «n  Ih*  anUatt  M 
9phUialitioU^."-A'ilU>t  iMital  JuurnJi 


TRACY.      Hand-Book   of    Sanitary   Information    for    Hons^ 
holdere.     C'uninining  Kactf«  and  S<i>;^>i:-^tii>i)s  ub<jul  ^'•.'Iltilatio^.  Drain- 
age, Care  of  Contaf^ioas  Diseases,  Disinfwtion,  FoimI,  and  Water.     WM 
Appendi<.<eH  on   DisiiifectAnUi  and  Pltimbeni'  Materials.      Ily  R(»r.KX 
Tract,  M.  D.,  Sanit.iri'  Iiiti|ifol«r  of  llitj  N«w  York  City  Hvaitli  Depwt_ 
■nont.     16nio.     Cloth,  AO  crnts. 


"ThS»T'iIuii»nf«l"'iit  one  hundred  pajfM  tin- 
bodies  a  eMot  dual  <il  ii'.'lul  ITlfarinBlioll  upon  thq 
■ilHuta  nf  air,  Vi-nliliiiii'ii,  draiiuwo,  plumblag, 
dlniarMUou,  traatmenl  ol  oaa(ai;l4Dii  dWaiHn,  and 


other  niHen  relating  to  the  Mrtona)  tontoK  i 
vvlfaro  or  buiDanltr.  _.     .  The  lui|[uaipr  is  t/lnti. 


Slain,  uid  oalioiw,  and  tho  u-ork  •ill  U' 
Dii  a  lUK*  nab. 


•-ArtHUxta^ 


TRACY.     The  Essentials  of  Anatomy,  Phyaiologry,  and  Hy^ 
^ene.     Uy  U"i;k«  S.  Tracy,  M.  D.,  Sanitary  Iiisfiectorof  tho  New  Ve 
City  Health  Department.     12mo.     CKith,  t\.iTi. 

TbI*  vorit  hai  bcini  pnimri'd  In  tcikium  In  the  dpiiinDd  Ibr  a  Uioreiwhif  itiiintifli]  and  jrt  vmAaL 
un-bonk  romcliool*  and  aoad«iiii«,  whloh  ■bull  atrord  on  icninto  ktia«l«l«  of  ilio  saMciilal  Hutoti 


in- 

¥ 

— '""**-'|te    I 


Analomjr  and  PhrrioloiQ^.  M  fUraMilar  a  ii^niinc  baiia  for  the  Mud;  oT  ^Tfkao  «Ad  Iho  1m*  of 
DmIiIi.    It  iilao  tfoats,  In  a  nUonal  uinnoF,  of  tbi-  ph}>lulii|iical  sITivt*  of  aloMol  and  MfcM'  m 
tViUllllnx  all  Uio  rt>iulr«ninnb>  of  nu.>i>ii[  loci>laU*'*  viiMtinunU  upon  thia  aiiljaaL 

"  It  U  ODD  of  Ibu  bul  "f  tho  kind  ilial  [  hnvo 
•Tor  aoou.  Ono  of  tliu  iii<:i>t  ini|innaiit  ftalurvi 
■bout  tba  book  I*  Uid  olrar  aTnl  iti>n<'ii»>  iiiaiiii«r  in 
trbidli  tl  It  writtMW^  Ibin^  touch  to  bo  d«air«l  Im 


lara.MM^I 


a  work  of  tbo  Idod.    Tho  Uhutralloiia  i_. 

lent,  inil  ibaw  llint  Dr.  Trwt  (avr  UMMagk  MM-~^ 
Mili'rali<-n  t'l  lii*  ■■ul>j«o(.*'  — M.  F.  L'nowaa,  lil.D. 


TUSON.    Cyclopeedia  of  Practical  Receipts,  and  Collsipral  Informs- 

titin  In  the  Artit,  Minnifnct<in'»,  Proft'tKiiun^,  and  Tmd^'x,  includinf;  Hwli- 
ctiiv,  I'liarmacy,  and  Di>inv)ili<!  Kconomy.  Dwiyinil  u*  a  Comprehensive 
Supplement  to  the  Pharm>ci.>p(via,  and  Gi-ncnil  Buuk  of  Reference  for  llie 
Manufacturer,  Tradesmao,  Amateur,  and  ilvadu  of  Fatuilies,  Sixth  edi- 
tjon,  revised  and  partly  row-ritten  by  Riciiahi>  V.  Tlwjm,  Profraaor  cl 
Chemistry  and  Toiieolony  in  the  Roy.il  Veterinary  College.  Cdinpl 
in  Two  VoIuaiL-A.     I,79A  pages.     With  lllustratioiia.    I'lnili,  tO.OO. 
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CATALOQCB  OF  MEDICAL  WORKS. 


n 


Clii'iiiUtry,  Mid  Mhoc  «ib<«oU  oT  ImportBDW  to  t&o>*  fui  u  li'nn  itm  wnrk  i>  incrnilvJ.    Tim  uli-,-li»  oo 
irhic  u  commonlT  Unnd  "  ilau^luikl  MciUriiiu"  bav*  'ntaa  umpliflpd  nml  nuiucrioillir  iDcrroKil. 

TbcdMimiar  this  w«it  u  briefly  b«l  not  eemplclelf  tiprvMixl  In  it<  title  ■[>•««.  lodcpnidDtill}'  or 
%  riLUUo  niiA  e»mpfaluii>ivB  coUoMon  of  IbttnuUr  «nd  ptco«Mw  Id  ecortf  all  (ho  LuilnauUl  ud  UHirul 
■ctt>  11  coiiuliu  a  it«»criptliili  oT  ILc  IsBiJInji  proportlM  uiul  *|>pIicMlDti»  of  th«  >uh>uniin  rvfbmd  U, 
'lOjSiDUvor  wUh  ]iu>i>lii  dlTVCCiniit,  hiiiU,  ddl^  an^l  ulltvtl  inlormbitiof^,  cj]i]i:iilnI#J  U-  fdcililnlv  Uii'  ikt^li^tp- 
nMI  or  thu  iiTBVlioil  loliiu  <<(  tliii  bnok  in  ttiii  rhop,  t!ii>  InlvruT'iry,  Iliv  riHtJry,  bdiI  IIiu  Itonvbold. 
KmIom  or  till)  Hlbrtmiv*  vmbniaid  in  titu  Uulcria  Mnliat,  in  mldluoti  V,  tins  wliolc  s4  llitli  pn[«ni- 
"—      nil  nomcKiQi  otliir  u.Iiiiul  unil  vc/olablc  ■utatanoai  tnurloyed  to  inudldlna,  *•  atlt  u  iiml  nf 


liinM  wad  Ibr  (bod.  oloiitlii^,  and  funl,  witli  Uivir  oamoinii-  ujiplicBllaiw,  hiiTw  hita  iooluiliul  in  tln^ 
vKok.  The  tn-nanrai*  Md  rrfttrcnoM  un  otiuv  adiliijiinii  Khu'ii  will  [iniva  invaliubia  to  tlm  nsujnr. 
EjmUj,  them  havg  raDippnidcd  to  all  Uio  jninmFa]  utiol"!  rofiTrcd  to  brief  bul  clear  dire«tioo*  ror 
dounoltiliitr  itidr  parity  atid  oiinnuirDiDl  nunii.  Hid  Ibi  ili.i>.srtlQ/  thvlr  pretence  lUiil  prnponloua  Id 
<ion«>jiiii-Jii.  Thu  liidLioriiaiuaW ulupilud  of  inatun,  vUliout  iiawinali'iii,  hiu  bpra  uDlliini>ly  ■t'oidcd, 
■nil  in  B»  iiMluiM  luu  an;  lorniulu  ifi  jiruw*  l>i<uii  udmilicil  into  Ihi*  uork,  uolrat  it  nwtnl  en  wmo 
trril  known  ibvt  at  tcivtiiv,  but  bvi'u  KaDclir^oii  by  uu^  ur  ttima  noonunonilMl  by  (Onw  re>i>tiMbli 
■ullioriir. 


TTMDALL.  Essays  on  the  Floating  ]Sfatter  of  the  Air,  in 
Relation  to  Putrefaction  and  lufectiuti.  By  I'rof.  John  Trxi>At.L,F.it.8. 
ISmo.    Clotl),  «1.50. 

COyVHyTS. — l.  UuDnMilDdlKHatr:  II.  Oprii-nl  l)<'[H'irTini'nl  '•'i  tb(  Alinn«pbtn>  In  Krliti'in 
to  Putnfaclinu  «n>l  lurpi'tinn ;  III.  furtber  B(>iHin-lin  «n  ihr  l>('|H<niiii-iil  and  Viubly  of  Hulnfoctira 
urK*ol>nii:  IV.  FomiDUtatiaii,  and  iia  Boring  ou-Surgcrj  and  Midiciui';  V.  Bpontuicaiu  (itnurn- 
tion;  Appcndli. 


■*  Vtvt.  TTodall'*  book  !<  it  calm,  potlnnt.  clvsr, 
■Dd  tborougli  tnatment  of  all  ihu  •{uM^'tnf  itnd 
ooadidoiw  of  nature  and  •oolcly  Imolvml  In  thit 
UMtdO.  Tha  irnrk  i*  luoid  and  convinoinit.  ;'<t  nul 
{iRdiz  or  ptiluiitir,  biil  (■ipulor  und  rtally  giuny- 
•Hr-   It  i*  ••nth;  of  ntiirul  and  iruMrad  itudv." 

'- Tbc  inaMar  oantalnad  In  ihla  mrk  la  not  only 
praHmtnd  <li  a  Ton  intoroKbuc  mir,  butia  at  gnM 
valoo.'* — Anfon  JannuU  tif  tbianurM. 

"Tbc  norm  tboor?  or  <1Imum  U  moat  InbrU 
linntl*  pniacntvd,  aoil  iudvod  tha  whoU  v<>rk 
!•  iBCBSst  with  a  higb  iuiallKit.''— AM*  Oaat- 
[■mvmM. 


"]n  the  book  balbro  ua  vehaT*  KtK  inittul*do- 
taitii  of  hiaii'lri>l>  of  obxTTBtlaai  on  tDfuiloiu  ex- 
iiiihhI  io  (ipttculli  |iiii*  air;  tnnitUiD*  of  mutton, 
\mt,  liaddook,   bay,  tur{i1|i,   liver,   ban,   rabbit, 
tmuar,  ]>bni*ant.  Mimon.  cod.   •.■!¥. ;    infbHQD*  j 
heated  tr)-  b'Mliojir  wutcr  and  by  hnllini;  oil,  •oma-  y 
tbnca  nir  a  fev-  ctoiuciitk  and  ■riinDtlniu  for  aevcntl 
boura,aiii),  bowuviT  imuO  ihr  w^Xv  ••(  |irti»liira, 
the  rp«iilt  «MlninrinMv  l)ii'  ui»r,  miIIi  not  aroa 
a  nbsdr  of  iiiimrtaiiili'.     Thv  rpllaey  of  (BOntan*-  i 
oi»  itrui-iDlinii  and  Uif  pn>ba)>llily  of  Ike  Derm  | 
(hcory  or  dliuuD  totxa  lo  u*  ihc  InloNDce,  and  tha  i 
■>ii1y  iiik'ri'ncv',  ihat  can  tv  dnwn  ftoin  the  rtaulM  • 
•>r  rii>n'Iy  tvn  iIiouMud  oiivriiiMmCa  (wifinDMl  bf  ' 
Pml'.  Tytiditll  «iihiu  tho  Wt  Ino  yaon."— /fMa- 


TTLTZMANN.  Pyuria;  or.  Pus  in  the  Urine,  and  its  Treat- 
ment: OomprUiiig  llie  Dia^rnoHU  anJ  Trt'atDii-iil  of  Aciito  and  Climinc 
IlToiliriiis,  Proslat.itis,  Cy*liii«,  and  Pjelitin,  with  cxiiM-inl  rcforpncv  to 
their  Local  TrvatniL-iit.  By  Dr.  Ronxirr  ITltkma.sx,  Profc-Mor  of  (ittnito- 
Urinary  ni.-«<afie!i  in  the  Vienna  Polikliiiik.  Tranvlatcl,  b}'  |irrtiiiwiion,  by 
Dr.  Waltkh  B,  Platt.  F.B.C.S.  (Eng.),  Bsllitnorc^  lamo.  Cloth. 
%\.m. 


"Tboacof  UiopcoftBlonwbaalcnimUlarwfth 
tha  woii*  of  I'mi.  Ultunnnn  wilt  wtfamni  Ihi* 
tnoaliilini  a*  o:>n<Uiiiiinic  s  mal  additinn  to  our 
Blantur*  on  (nnito-iirinari  diHaaM.  It  fan  not 
b*  100  hiffbljr  raoommcadad  to  tb«  atttobon  of  iho 
IveAadOD,  not  taAj  od  MCDODi  of  lb>  adontirt<.' 
iwfca*.  bat  alao  Ibr  ibe  xtaan  pntOlml  ■lusmtiumi 
Twardini!  im>iin«ni  to  bo  toiind  ia  thv  vhapirr  on 
ThorapnuliiK  Tim  tmn^latar  la  la  ba  eonKralu- 
hcnl  Ufnc  Uie  rii«ll«DC  inanoer  u  which  bla  work 
ha*  boan  anviraplUhed.  The  tuok  i*  iinuly  and 
iMtafblV  itm  ui<  by  tb*  publlab«n."~j/iryl<intf 

'■Thb  etnellrtit  mnnoi^pb  (CTitatna.  tn  lev 

ibaBuia  hmidnd  pa(«*,  a  cnnqiltM  rovlaw  HS  tb« 

cQW^fena  that  gin  li**  to  pna  wttUn  tbo  urinary 


trocta.    Acuta  nod  ehmnic  urelbrttM,  pn»lt.tftla, 
rrMilii,  and  pyelitt*  an  ilbvuiiod  ra  tuni,  wttb 
«ii|ii>i?ial  rvft'rpnw  to  tliifir  dilTirRntial  illacimia  and 
iTHitiuctil,    An  a  nmilt  of  otwrvatiOD  and  eipi<ri- 
cDc«,  Cbe  aalhoT  itatca  thai  whilv  aootc  unihritia 
mi  onljr  bo  cund  by  the  dinct  applleatlon  rt\ 
rsin^lin'  tn  Iho  dWiua-l  part,  oA*r  fimw  of  acuta  ' 
pniria,  *a04l  nbovi^  all  thai  nrtliii  bladder  and  nook 
of  (hu  bUildcr.  niiifbt  nsvi't  !•>  bu  tn«Ii>l  Irvally, 
but  by  imiomol  nu'dicatlnD  and  ntpilillnu  -^  diil ;  - 
«hll«  m  ohrook-  pyuttaof  any  put  of  Ibe  oilnan  ' 
Mot  an  apprj|i«iita  looot  cmincu  laknt  a  nremi* ' 
Dent  place.*    Tb»  rtmnlln  and  niMb<nd»  of  tm^  I 
Oaeot  thnl  liarc  bwo  u*til  with  moat  •ocma  bfj 
lbs  autbiv  art  cn«uii*'r»l  io  drtail  in  the  rtuMor  ■ 
on  tba  TbiraMuHoi  of  Puljarii."— iftJ^iuJ  IM- 
Utta. 


ss 


D,  APl'LST&y  A  CO:S  IILCSTRATKD 


VAN  BUBEN.    Leoturee  on  the  Principles  of  Surgery. 

ered  at  ilii-  Ik-llpviio  llua|>it.tl  Minlical  Collvge.     Uy  tbc  lati?  W.  IL  V 

Dt'KEN,  SI,  I>.,  LU  r>.      Kdited  by  Dr.  Lbwih  A,  Stiksok.      8vo, 

)<n({e9.     Cloth,  t4.00  ;  Bliee[>,  $>'j.OO. 

"  If  va  sr*  !•>  JU'liiu  "f  the  iiiumliiin  ujl*  by    rKi«liian  u  a  M<rlwr  of  Kururo'.     t>r.  L*in» 
Uiu  mm  tvtiXmt  '^  tlirv  IvMiin*.  Imw  crraU?    Stjuuon  hiumnfprTvl  a  Ixliac  bcDcBi  ii|»q 
Uioy  oiuBl  faaiv  bi*ii  ■i-i'ri't'iBli.ol   b)'  iliise  uho     prnftjukn  )<}r  th?  oioaciBUtlona  itlw  t»iii»  of 
heuvliliom  Si  ilio  rvu'lic-r;    Tliun  i*  riaiblnir  Jry    duty  •  odlt^i of  tJiu  late  IVoir.  Van  Stini^  l(ciim 
or  Jiroij  In  lliorn.     Tlie  lllu»lr»llHin  iii  prtnoploi 
nre 'InWD  from  tbf  rliiilnl  iiiatnrtul  of  IM  tou-lirf . 
utitl  arv  >l<rnrit  /rmh   anl   o  fnpat-     Put  nuil 
pru«nt  tlicori«a  nn^  (nmfnroi  iii  moh  a  waj  b>  Ut 
^n  tit  •intliml  sii  luurat  la  llie  wnrkt^  oldvr 
p«tliul"til>U,  aiiil  U>  (inlut  i>ui  praifmu  nuilo,  wltb' 
nut  vrcaiyin^  him  oitli  a  iSr;  iiiimiiiin  at  a  llmt 
whsD  Lc  in  iial  alili)  (o  Miiiprvliviid  llir  undorljinit 
[>hlloiu(-bj.      Dr.  Van   Burm'*   potmlarilt   sa    a 
laiichvr  ail  In  vmlly  niiilcrvton)  itvia  a  Mudj'  of 
IliU  voluniv.     Ill*  Muiuii^r  1>  vlviurloiu,  hit  matter 


lioua.  \*  a  iTiliul*  to  tb*  W1017  Of  •  itNM 
AiuDrioaii  Fumoii,  iMd  u*  an  iavalnaUa  ocmKI» 
liim  t»  ibs  lltMUurc  ■■!  Ilio  autdwl.  Van  Bunn't 
'Lccturta  nu  Ihu  rriuripfcaof  Sufprry' will  Soil 
•n  boooinl  plauo  lu  trittj  wrtl  atlcctnl  iDaOical 
lililaiy."  —  C'AiVujro    Utiioti    Jnnal    oaJ    &■ 


•  Th>>  bocV  U  Af  lta(tiln«  of  a 

■Qtyirii],  <if  I'rii-  wltn  know  cf  what  I 


omill.!.,     Ho  -rite*  liko  on.  ia  autliorilr.  ftill  of    ™„!^,'?^,  lIll.ilil.S^L'^E^^'rS  !L"^ 
cehIiiuJbiiu.  and  pouMKd  ot  tlio  tkill  at  iiii)i«rt- 
itw  tn  atULltot*  JdM  llial  tort  of  kiiovlodjio  bcU 
tiiTloJ  10  tireit  jutun  Intolloctual  irrnwili.     Tho 


¥rorll  ia  huiilaaniDly  piinMd,  «tith  mll-faDoi),  clou 
tjfiB  Mill  Ivndnl  linea,  nnd  la  tii  ovrrjt  tn\  a  cmHt 
10  thu  puWUIior*." — XortA  (Jare/iu!!  U'J.  Jintnut. 

"  Dr.  Van  Burvii.  lot  a  period  of  tlilnr-flro 
yoan  prior  to  lii*  •JanUi,  ooouf.iaJ  a  pliiuKimslul 


coDanli  Hid  be  i;i>v«niciil  tif.  M  lloiu  It  ba  can  Iw 
advUtd  bow  to  trait  anJ  iniiii*KC  ilia  n>iD|i|naliinw 
uf  nunctty.  XtiowD  M>  *o)l  a*  ia  Dr.  Vmi  Bona, 
wo  can  Doithar  aiU  I"  nor  dtltact  tram  what  ha 
baa  fp^ea  Id  this  worfc  btfci*  ua.  It  ira>  b 
ablv  edltal  b;  Dr.  StJmaKi.  and  w*  ailvWi 
nadan  ta  haro  a  eofj  ef  It  la  tboir  libr   ' 


VAN  BUBEN.     Lectures  upon  Diseaaee  of  the  Bectum  and 
Sui^ery  of  the  Lower  Bowel.    Delivt-ml  m  die  Kellvvgc  lU 
Mi-^iiwil  (•..U.-fif.   By  W.  H.  Van  Biihkn.  M.  D.,  InU-  Profcwior  of  tlic  P 
ci))[f«  ami  i*ri»otiiv  '>f  Siirgrry  in  IUp  Brllfvtic  Iloepiinl  Moilical  CoIIc<j 
fftc,  cic,     Sfivmil  Hilion,  rcvinod  am)  cnliirseil.     8vo.     412  paneo.     Wi' 
87  Illufitrations  and  coiDpk-lc  Index.     Cloth,  t3.0Q  ;  sheep,  tl.OO. 


ftpacnau  or  lurKTViiinii. 


pnuao,  » 
•Mm  ma- 

aiSan.    ^^H 
una  Tioil^H 


"  Tbo  ie»Uier  loo  oflcn  llud)  it  a  cUffl- 
cull  laak  to  dlttarvr  |<oiiili  10  ptaiaO,  ia 
order  tliai  h!a  criiifi^iiw  mat  not  aMm  ■ 
abhwl  end  uiijiitL  Thwr  lortum,  b 
(itDrv  liini  uf'iri  \t»  otlior  liom 
ilitc-niniB.  liL.  I«  fl»d  aonwwbal  In  |_ 
Mi-crety  oiKiUirh  10  rtou'  bimvlf  1  . 
ohu^  of  EuilUi'TloiiEkjiTiii)!  laudatSon- 
(nutM.  tho  B'Jtl  (.r  Uj>h>nhla  amna 
which  tanlliM  «ith  Vitirt  authofkla*,  '__. 
ho  anbaianUolM  Ihom  hj  Ibo  moM  fvnt- 
nil  of  eriuuioDL^  ill.,  a  larfo  npMMWO, 
tho  rpxili-  of  II  h>i4>  arr  tnilntiilra  hy  oic 
cho  tliiturr  tl^ciB*  tlial  lio  can  apf It- 
dale,  oDtl  MDDid  the  due  iraliw  lu,  tiba  rak 
■ltd    laparlanc*  of  oilivrk." — Arrkttu  ef 

"  Tho  prtMvDt  la  a  now  vohNna  istbrr 
than  B  new  oriiiein.  Bfith  li*  tu>  and  »■■ 
Ifrial  arc  laMly  brvonj  ita  |iiiiih  iiiaii 
TLio  uTi>c*oh<duIy  (iictliail,iboaa<naBjM. 
cmivinflnn  aUKcmenl,  tbc  taiBa  vno,  ont- 
fijllr  iiiatunid  (.yaiumI,  ivriada  Cttrf  pan- 
(irapli.  Ttio  dtMunioM  and  ^»mft*  of  tk» 
dlaewaa  of  tha  nttun  oall  lo*  vtvalcr  coft- 
tliUntloii  tbwi  Umj  nawlly  tnvlTo  at  ika 
bandi  of  tbo  |a«tb«hiii."— Atfreal  Ivued. 

"Tlieaa  LidunK  Rt«  twnln  Ln  nwrnhtt^ 
and  inKf  bt  taktn  aa  an  ciwlUM  1   " 
of  our  praaBiit  knnvtrdiin  of  Ibo '111 
tlw  part*  In  iiupition.     Th«  wnrk  T 
i-mctlnil  nttiKT,  but  H  oww  not  1 
lu  vbIuo  to  Ibc  oigiiia)  tboVfM,  labor, 
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MWNlicv*  H  to  tba  iTMtnwnt  of  dl>iM««,  wMoh 
•IwBM  ebnnetMiie  tli<  nradiMiiomi  oi  ib«  pon  of 
Dr.  Vu  ^ana."-rki&Mffki»  JttJiMl  nmm. 

"Th«  mtnl  anneiiva  (batur*  at  tJbo  vork  I* 
the  plain,  mmmoa-MM*  maiuivr  in  whieli  mkiIi 
•ul^eot  li  trektaL  Ti»Milbor  ling  fitlil  <)->wn  Iti- 
utraciiao*  ftv  tlis  tMUmenl.  n«<iicihAl  atnl  "ivr^- 
tivf,  df  mlal  diMMS*  In  w  elcot  and  lucid  itjlc  u 
Ibat  any  pmolilinDtr  U  nubkd  t'l  rulliiv  it,  Tlin 
lusvftnd  MioMBil'iii  oKpOTiiinor  nl  llii'  •I'lallii/uUliwil 
auibof  In  (III*  slua  of  ifi«t<ini  la  iBlSdiiiit  I'f  iueir 
U  nmni  th«  blab  diWMtarof  lbs  book."— Adii^ 
>W^  Aurui  y  Ittdieimt  mtd  6^af. 

",  .  .  We  hBTo  thu*  liri(<flv  cri*d  b>  glrc  iLo 
nador  an  Itlat  of  the  Mope  of  ihU  woik :  and  tho 
vark  li  a  mod  ono — u  sbod  m  cltbar  .\IUb|[tum*a 
or  I'urlins'a,  iriili  wliloli  it  vlU  Inevitably  ba  com- 
{aroii.  IndMd,  a-r  thuuld  havg  bean  K">>tly  (iir- 
priaad  If  Uif  nnrk  from  (b*  pn>  or  Dr.  Van  Biiren 
md  ool  besn  a  gnod  one;  uid  wa  ban  vi  thank 


htm  iJiat  tar  ibii  Ant  lime  «•  bar*  hi  Anmlam 
Ivxi-liiF<k  00  ihia  Mi)>iiK<(  wbitk  equal*  iIiomi  iIim 
li»ic  w  lr>ng  Iced  lite  atKidanla."— .VW   iW 

"  Hoc  pnlae  oi  a  book  like  thi*  wonld  bo 
■DMTfiuoua— aliucat  Iwnnltieiil.  Th*aHtborii 
vttl  knoHD  lo  tb«  proAwIon  m  one  of  tun  moat 
aoMiuf liahvd  aurfWina  aniJ  ablnl  rciaoddc  uwd. 
Uucb  u  BxjiaeUid  oT  him  in  •  book  liko  tlir  i<iir  Iv- 
Ibra  1U,  and  ttaoM  vtm  raad  li  nil]  d.a  i«  <iiu|i- 
poloied.  Ii  win,  indotil,  be  vlilvly  nwi.  aiul  in  a 
alion  t<na  uk«  Ita  pboa  a*  tb*  aUodonl  AatKrhan 
■ulhnnlr."— ^it.  Z«i>M  Omitr^  JltJMni. 

"Taktn  M  a  uholc,  tlio  Irak  ta  nno  o(  titv 
matt  complvlc  aiul  rvliauk  unu  uumt.  It  la  cer- 
tainlr  Ilia  l>o(t  af  ani  aimiiaj  worfc  from  ui 
Amtriflui  author.  It  U  handionBlj'  twvnd  and 
illuoratod.  uid  «b«uld  br  In  Ibo  buula  of  aveir 
iirvctltloiuir  aad  alDdonl  of  mnlltino." — InmitUu 
iUdit^  Ilrr-UJ. 


VOOEL.  A  Practical  Treatise  on  the  Diseases  of  Children. 
Tliird  Amoricwi  from  lh«  vighlJi  Gcmui  eHition.  Revised  and  enlarged. 
Illustrated  by  Six  Lithograpbic  PIstos,  By  Alfred  Vooei,  JU.  D.,  PrO' 
fe»sorof  Clinical  Modicine  in  tlie  University  of  Dorpnt,  Rti*»ia.  Trnrn- 
lat«d  and  edited  by  II.  Kjlpiiaf.c.,  M.  D.,  lat<*  IIouhi-  Surgeon  Xn  Bollcvuc 
Tfospitol ;  Pbysitian  to  tbe  P.Mtcrn  Dinpciwary  for  th«  Diaeaaw  of  Cliil- 
dr«n,  etc.,  etc.     8vo.     610  ya^v*.    Cloth,  t4.&0  ;  Rti«ep,  t\50. 


■"V<«<l'*  TfOUlat  on  DlMBtn  <r>r  rhlldrvn' 
haa  n  oorli-wldB  npuUtloD,  liaviiis  appaartj  In 
thcltnuian.Gi-  riiian .  Uutoli ,  iind  Ka4[lUb lanffuurcH. 
Tbla  U  a  dc'crviid  sum**,  W  It  to  »  bouk  ulmirs- 
l>lv  mlnriUiI  tu  Ihs  whdIb  tintli  of  Ihff  prwilitiaaor 
and  ■Indent.  Tbo  pmaDIcdldnii  )i  liTi>U|{b(  well 
up  to  tiM  liiwont  aMIa  uf  palUologifal  knowladee ; 
it  >•  oomplpia  iritliouc  rmilixiti.and  thsboak  huar* 
npoo  U*  piUB*  tha  evidfirtw  or  th«  work  of  a  Hkill- 
ful  ui'l  aipfrioitepd  pUnlaal  praiilitionoT.  .  .  .  Wa 
woqld  inoat  hoanlty  voidiiicdiI  tha  book  aa  on«  of 
tlM>  ni»tt  raluabtu  up:<n  ttis  aubjeot.  and  lodMd  lb*> 
[i4j^iaD<  tsm  aflVird  to  fonip  llic  idTaulaitai  lo 


be  dnrivcd  tioai  tha  pOBaaiAoai  of  ibl*  vork."— 

"  Tbla  ia  IndMd  a  vahiiblo  addHkoi  V>  tbo  llt- 
omciira  nf  I'nliulriai,  ...  In  thii  Utnl  adltlon  (AJ 
Auwrkniit  UHioli  bw  brco  added  la  tin-  i'lin)i(i'ni 
UB  .\rlfluial  ^Iltrlllull.  ■  >u>i)prt  of  dn(>  iiil'mit 
lu  tbv  prei'IliioiU'r,  on  IHfflcultinnf  Dcution,  and 
ou  Kirroua  UiMOjirea  Of  t^ldren.  .  ,  .  Tl>ia  hIodo 
ahould  be  iTorth  Uia  l>rlc(ot  tba  book,  at  Uie  trunl- 
DiMit  tt  dliDaaiTi  of  clilldrtD  la  too  niuah  a(U<r  iJio 
MaraMTPud  foihliin  uf  tbo  laM  cmtor;." — Diinitfi 


VON  ZEI8SL.  Outlines  of  the  PatholoRy  and  Treatment  of 
Syphilis  and  Allied  Venereal  Diseases,  liy  11kkua.\>  von 
Zklsal,  M.  D.,  late  Professor  at  tbe  Imperial -Ruyal  I'niverxity  of  Vienna, 
8i-con<I  vdicion,  rt-viBed  by  MAXiHiUA.t  vox  Y.y.wnL,  M.  D.,  Privat-Poecnt 
for  Difli-uc*  of  th('  Skin  ami  .Syjibilifi  at  thf  lin|icrinl -Royal  University  of 
Vietin.-t.  Authorised  edition.  Tranxta ted,  with  Noles,  by  11.  Rai-iiarl, 
M.  D.,  vVttcnding  I'hyeician  for  Diaeasea  of  the  Gen i I o- Urinary  Urgaofi 
and  Sypbilis,  Bellcvue  Hospital  ODt-|iaticnt  De|iart(ucDt,  etc  6vo,  4U3 
page*.     Cloth,  04.00;  sheep,  (5.00. 


"  Tc  nwanl  th*  Mok  a>  an  •malhini  laxt-book 
1>yr  flndml  "r  phyn^'lan,  alid  hope  to  hoar  of  iU 
nloptiaii  A*  auoh.  In  UivnMntlo  iiiliiU  tha  l««- 
ouimandaciana  are  all  good."  —  llrfimia  J/rJiatI 
U-dktf. 

"  tlitatanoly  oaMiMry  tnrelWrlothouit(iat«d 
auibar  rf  Um  abovt-nainrd  work.  (Idm  bit  IIIV-lonK 
lolwr  aa  atnadiet  and  wT^ier  upon  nneiral  diaaaaaa 
tiaa  nwda  bin  kunwn  and  quolod  wliortier  thcaa 
■libgliona  aiitt  and  art  lr*ali^." — iUftiiait. 

'  [i  ta  ■  mott  tboimieh  and  piactloal  manual 


1,     ■>     H     ■■^J»^     l.aWI"U^>.     ■.!..      V.V.^kl.F^     .iiWMWM.,  |.«B.«IH.VA        JliU^UI. 

and  tnaabmr  Mid  publUhcr  botb  bavc  done  well    ijirgital  Jvaraal. 


in  their  MwMAi**  tafiadlie*  in  Iboa  iaauiac  It," — 
UtJint  /t4>  i!f  irArH  y,>T  Tort. 

"The  book  b  a  matt  raeelUnl  una  tai  onrjr  r^ 
BKoC  and  tlialnuialalor  ba*  done  bla  work  wall." 
—Oalmti^tv*  MtiiatI  Joun^. 

"Tbe  chapter  on  Gonorrhtra  ia  mMtnl*  and 
oondatly  wrttinn.  ...  A  line  of  matiMot  pru- 
dent. oanol»,  iDd  ihorough  l>  advlisd.  and  la  the 
rboloe  and  uh*  of  ite  meivurlal  aalia  ahaw*  jpiod 
raiaoaina,  ckar  "iaiimMBa.  lad  a  cllniMlly  ax- 
periencvd   juditaent."  —  Alaiaoui    AltJtntf  onrf 
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"  UiAii*!  wiuiM  ntbnd  a  «T«n  Iom  nlwn, 
In  8»peiBlMr.  IHH,  HaniiunB  v<in  ZvImI  dixL 
ttm^j  for  ni,  Ifai*  iuM«r  ia  hi*  ohoMa  iwjlMhy 
li>d  •mbodioil  Uic  navlln  or  hu  Ted  ciMruno*  ia 
■  IfM-bauk  nu  ayjiblti*  witl  vroenal  dfcifn  mA 
uiiUi*bMl  it  *an»  fM»  Iwflicv  hi*  dOM^  Tho 
ouA  wxT  bflSre  ui  ii  ■  mmowI  «ilUKni  (>f  Uw 
Ibmwr  Ixwk,  nilicd  ■od  lo  Uijn  f"'  RwrltWn 
liy  MulnitUkii  vou  Zolul,  uiil  MnM  In  Ibt  m1)|1- 


ml  nMM  Mm  mnntlM  bcAna  tbe  tahM** 

[|  ii  a  uuBlorlj  tntflH)  Hill  tbonMfbl^  pnMW: 
W«  am  ««Diiiimd  <n  lo  all  who  an  InianMail  En 
vcDcmal  (ut-JivlB.  .  .  .  br.  Rs|>haBl  hw  lawlt  ■ 
■mwitb  anj  rtwUblf  OWmIMiMi,  aad  fiu  mditA 
Biuol>  ralotU*  mBtti*  to  the  bmk,  utspllnii  ii  ta 
Ihr  UH>  of  AiDBrioiD  idirridtw.  Tiic  chiMer 
Gallotriiiii  SjrpliUb  b  codMly  bT  biro."— 7l< 


WAONER.    A  Hand-Book  of  Chemical  Technology.    By  Ripol] 

Waiixkb,  I'll,  [>.,  i'r<>ft">-ior  of  Clipiutcal  Tt-chiniloyy  al  the  Uiiiv<n>itv 
Wdrsbufg.     TraDsIitt«d  and  edited,  from  the  ciglitb  German  csliUon,  with 
Extvmive  Addilionn,  by  William  Crooks,  F.R.S.     With  334t  IlluMtn- 
tionn.     8vo.     7fil  i>*g«i.     Clwlli,  »5.00. 

Cndor  ttie  liiMid  of  MfuIIui:^  Obcmiatiy,  tli6  UtoM  nwthoil*  of  prepailng  Inn,  cobalt,  nickel.  «» 
fet,  coi'por-ialu,  luil  an-l  tia  and  Ibeir  lalte,  bumnifa,  tiii«,  idnr-alw,  mAdImc.  aniiuvinv.  amtio, 
mf nniiV<  |>luliiiuu,  'Uiar.  RolJ.  nuajviatw.  alunlnluiii,  uul  uuniaduB,  an  AwcribiL  Xbt  natMu 
■pjitiMiiiin*  nf  tb«  voltaic  titnont  to  Dl«ti»-iQMaIlui|:fMlow  wMUrtUadirtiioii.  -The  pnfantitiatf 
potath  ul<I  •odatalta.  Uio  manufiutuivcir  ■uitiliuiic  taii,  anil  llio  ivonwn^p  of  aulpbor  (ran  aoda  •ngta, 
oT  munu  occupy  pncainrat  plaeea  In  tiro  ecauidonlion  of  cbgniical  manulbMunra.  IiUfHffleulllo 
OMtwtlroatc  tbo  mcroantilo  liliao  of  Uoitd'a  ptocci.  ai  >ell  ai  tbe  nuuiy  ncir  aiul  iu]Artant  appUca- 
Uou*  of  biMilpbiJo  of  carbon.  Thn  manuiSiotuio  of  loap  irltl  bo  roond  to  loduda  nuicli  (iMiiB.  Tb* 
laohnotozy  ofirlain,  •lnii»-«ara,  lini**.  anil  nuttus  wilt  pnaaac  ntuftb  of  iiitMnt  to  Ika  bnildir  a*l 
ttu^ctr  Tlic  IfchiiKlKBy  nf  rccKUMe  flben  tuu  tiani  nnwiilnvd  to  Inoliidi'  Ibo  impftntlDb  Of  Ba. 
baiu|i,  ooIloD,  a*  kcU  »  ivpar-mnkiiiii:  ohllis  the  ipplioatinn  ot  yn/VlaiAe  prodnct*  will  lio  foiuid  t* 
Incluiia  suipit' luiUniT,  vlnt-  ami  licor- brevltiir,  tb«  dUtiUalloa  of  >pliit>.  iIm  baklu^i  of  bnnd,  lb* 
pri<1iiiiiti< III  i'(  i-iiiiuur.  tlio  {•rvHrvMi'Mi  of  wonil,  ote. 

l>i,  ^^'w.■»vr  iriv'O  touch  iniomuIJnn  in  rvbmiM  toUiDnvdiMtbuiflf  pntwb  fnini  tmi^u-ndiam. 
Tile  uir  <4'  birjUi  inJM  i>  ul>o  Iblly  ilnoribod,  a*  wdl  an  tij*  prepntntion  of  lugnr  tma  bpnt-MMii 
l^nnlog,  Ibo  proaorvMbiD  oi'  mni,  mUk,  Mo.,  and  cfaa  (wapantiafi  of  phiBphonu  and  hiIsaI  chunal, 
an  oQHtf dand  a*  bolonctnff  \.i  tbe  ttobjialoiiy  ot  anlual  (doduota.  The  ptcpaMUoii  of  natariah  tf» 
dyeinK  ■■■•  ntwmarilT  murwd  miii^h  *paM;  wblU  tbo  final  mhIod*  of  iba  book  ba««  bt«u  ib*i 
to  Um  teabDulcKy  of  ntatmi:  aud  llliunliiaUon. 


^ 
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WAXiTON.     The   Mineral   Springs   of  the  TTulted  States  and 
Canada,  with  Anaiym-*  and  Nt>U-«  on  the  PrnmiiM-nt  S|inB  of  £aro)>t?  atid 
a  Liiit  of  Sca-aidc  It«M)rt.<.     By  Gkokur  K.  Walton,  M.  1>„  Lecturer  o 
Mnt«rin  Medica  in  tbe  Miami  Medical  Colleffp,  (Incinnali.     Sconrifl 
lion,  rurtMHi  and  enlarK<^-     13mo.     -114  pa^t.     With  HafK.     $3.00. 

Tho  Bulbar  haarirun  the  nnolVKanf  ai\  thiMprintn  1»  tTi[>  roufttry.  nixl  tliw  nf  (lir  nrineipd  Kd> 
lopMn  f^  nducvd  t'l  a  UQif-'mi  iXiinditrJ  cr  uiin  wlna-pliit.  ■'  tliuf  IIi*v  iiiai  rfailiU  br  mmpanJ. 
Ha  bai  nnuiant  Uio  sprinit*  n(  Aiuurin  aud  KurMpu  in  hvmi  •li-itini-1 1'law*.  an-1  ilvu-riW  Itw  durawi 
10  vMeh  miwT^  walcn  an  ndapMd,  witb  ivlbrrrwa*  to  th*  tlaaa  id  mMrm  appllpablr  t»  ibn  tnaUiKM : 
nd  Ibe  inoQlkr  obiiwleriatiea  of  oacb  >prinf>  u  near  aa  kiMnm  an)  ch«n— alfo  the  loMtloo,  aiodr  M 
•M«aa,andpaM-offln!addna>of  sTetyipriDgarooMntbMod.  tn  »dditb<n,bobB*d(aeribcdUMT«rio<a 
kind*  if  Imtlu  and  llie  uifroprfale  mo  of  tbiTOi  In  llio  treatment  of  dlMaw. 

'■  FtkIk  and  oooiimlicruirc,  prrMiitinjc  not  airltlu*  ttivlT  UM  •■  inielliimitly  and  ben«ll(U>r 
only  nllnblo  aoitly-c*  of  tbe  «rdicn.  but  (heir  an  ihcy  can  olbfr  nlntbln  alMattva  qcfaML"— 
tluitBpoutio  vuluc,  w  that  pliyilcinnt  <.'iui  hcnador    Saititiiriaii. 


WEBBER.  A  Treatise  on  Nervous  Diseases :  Tb«ir  Symptoma  and 
Treatment.  A  Text-Book  for  Students  and  PnctJtionvri.  By  8.  G.  Wss- 
BEtt,  M.  D,,  Clinioal  Instructor  in  Nervous  DiseasCB*  Ilarrnrd  Mti]in) 
School;  Visiting  I'liysician  for  Ihseafles  of  tbe  NeTTOaa  System  >\  tiie 
itoston  City  Hospital,  etc     8ro.     -(15  pofrea.     15  IlluRtratioiM.     Cloib. 

ta.00. 


*'Thc  bonk  b«fniv  IB  i<  raprdalty  adnplcd  to 
th»  nrwilt  nf  Ibn  mnenil  ptBMiiiontit  ffhii.  Ihoiicli 
ooiiMimi!!  or  M<  inablliii  to  <li*«m  aiiil  incc  tUo 
ntrvoua  domenl.  In  c^c  eoio*  umlur  hbcare,  raatiBM 
Tfry  Ailly  that  ihi>  bulilliiy  i>  t.m  eonronaut  with 


th«  b«>t  {iit«n<ita  if  bk  fwtienL  Dr.  Wtbbvr  h* 
not  written  ftir  tbo  ^tl(ou]l■t.  but  tor  tli«  •isdial 
and  fenanJ  pnettUaiKr.  wi>n  niU  flu,)  io  hit  hodi 
vbM  tb«y  mcwt  oead  for  llin  dUciK*!*!*  and  IrMt- 
laont  uf  Uie  ducaata  a*  thiy  |v«wnt  UNaatliia  in 
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fKarnA  pnt«io«.  Db  Myle  U  rerr  mdabic  uiil 
liKkl,  ami  li  vdU  oblXna  to  llioK  aho  Iuvd  iicn 
(pecUI;  I'rtinnd  llirmHlvv>  lu  uuiltnitanil  irio 
piKVdkr  laniiviigii  ol  lh«  murf>  n'li'»n<i>il  [Kurolo- 
irirt.  H*  covtfB  rar;  complvlrl}  Dii-  flilil  <<f  nrrr. 
uus  «IK<citian*>  uid  hi>  book  vlll  prori-  ■  vgry 
ralUBlilc  nc^u>>ltl'>n  ti>  iho  UbTV7  of  lb*  IniuHlKaDt 

phjtlcijUI."— Jf«il"'Tl'  Jjfc 

"Ths  beuity  and  nvfulucM  of  iho  Ixiok  an 
much  uuhuicod'b]'  Ihc  Ai't  tliat  It  i>  nm  iMtdctl 
down  BttJi  nrDrfncBt  In  Other  uuhonk,  hut  pro- 
awdt  in  iin  oriitiniil  niannor  lu  ■mil  uti  all  llist  » 
knowtl  Cu  Ilia  pnHiit  dajr  upmii  tlio  (titgiH'ta 
tnatoiL    Tnldng  Hie  book  m  a,  wbolo,  it  !•  one  of 


tbn  bcM  tre  bB*e  mcu  In  munr  ■  An."—Tatiit 

"...  Tlio  num  wUiti  Inil  k  wnitlit  book  on 
miTVoat  ilitntMx  an  n->t  <.1ti  bolter  tlmn  lo  buy  It. 
OnoftBturn  la  It  a-lildiiiiuriunleciiilpTabrUlJiu 
nclmlroblF  blb|[»^niptiii»  |iniaxiij  to  coA  clu)iti>r." 

"...  W«  huvo  no  hMlUtl'iii  la  noamlDiiiiiUDS 
till*  iiliiilrahlv  liltlu  brH'k  U'  MudtnU  md  pnuy 
tUi-iwr.  ■likf."-.Vr*  IV*  J/*(k«J  .■ 


"...  The  uutomjr  >od  phnlalog;  of  ttio 
bf^n  >n  ttwteil  oT  Lii  bd  cicapluaBlIf  fi(»T  uid 
oon^M  Duniwr.'*— JWrff  Mtmeat  Jiaut. 


WEEKS.    A  Text-Book  of  Nursing.    For  ilii-  Tw  of  Train ing-S<rh..oU. 

l-'aiiiilictt,  :tti'J  Privali'  SiaUenla.    Co[n|iili-<l  by  Claua  S.  Wkkkk.  Gradunic 

of  llio  \«w  Yoric  Iloitpilal  Truining- School ;  8(i peri nt end i^nt  of  TraininR- 

!!k)io»I  for  NuTW«,  PaU'TMHi,  New  Jcniey.     ISmo.     Mti  pagcti.     With  13 

Illu^tr.itions.     Quottion*  for  Review  aod  Exanunation,  and  Voca)>ulary  of 

iledical  Terms.     •l.TS. 

*'TliiD  >">k,  Id  tmbtj-CtiTM  eluniMn,  aamino- 
cdoilM  11  Iaf^'  •|iiiiiiiii7  D^  iwrAil  intinnirlldn  iii  n 
fvrm  lllKll^pb1t^  id  the  publU^  It  u  wll  wriltun, 
lemBlkaM/  oortmt,  ■aBFiciilly  illiLMralui.1,  uicl 
haailwmoiv  pitntod.  Tho  ■idoudi  nt  technical 
(kill  uul  KeoKlodo*  m)ulred  of  oubm  itt  iha 
prcauU  daymBkM  Ibc  «Mnf  mrw  Hxt-bootc  lu- 
dUpnublt,    To  Uiom  *ho  nMd  *iK<h  ■  work  «e 


•an  ipMk  >pnroviiutlv  of  ite  dMlsD,  Mom,  mi 
vn<nUon."-n0MMfU<<i  JfoUntf  Km. 

""nil*  I*  an  Bi]nilr>h)y  vrlnrn  >^aoh.ll□lll>  Aill 
of  tlinw  liDpoTUnl  praMickl  dnTHil*  iiw*>Mr/  I'nr 
tfaa  medloal  anil  anrsinl  diiiw.  In  Hipc  it  wiild 
be  nad  with  profit  by  every  rDcdiul  ntudcnl  uiij 
young  piwtitloiMr."— JMM  Rioml. 


WEXtLS.  Diseases  of  the  Ovaries :  Tfaeir  Diagnonitt  and  Trcatmont. 
By  T.  8i-K.><cBit  Wrlu,  l-Vltow  and  Member  of  Couocit  of  tlie  Royal  CoU 
lefie  of  SurgoonH  of  Kiigluit),  etc.,  etc  Svo.  47i4  pitgn^  llluslnttcd. 
Cloth.  #4.50, 


"  [n  ItU  tha  aUlKir  laaned  a  volam?  (^oiitalnio^  npoita  of  ona  hundrtil  and  foiittaen  tam  of 
ovaiifltoniy,  «hieh  ma  little  nioni  tbui  ■  liiDiJo  ntofd  rif  raru.  The  hook  waa  aoon  ool  of  prtnt. 
and.  thoiutb  n<i>MMly  ••kvd  Tor  a  na«  olltiun,  the  author  wiu  unablo  to  do  nan  tkaat  pnpara  |aiMi« 
Ibr  tlis  It^al  llrdiFal  and  Cbiruri^CBl  Kociui*,  an  mnt*  ttttr  *pr)i«  xr  a  biindrfd  csmi  (ocaiiinlalnL 
On  ()w  roini'lollon  of  lire  hundrrd  OUM,  he  embodied  the  feiull*  In  Uie  ptoMOt  voliuno.  m  Mtlrcly 
ntvi  vnirk.  ("f  ibr  UndoDt  ud  prKtlAMWT,  and  Iruaia  It  may  priHa  aotvjitablo  lo  thoni  uul  dmAiI  m 

WTETH.     A  Text-Book  on  Surgery:  Gknkral,  OrKRA-nrK.  and 

Meohasical.      By  Johw  A.  Wyetb,  M.  D.,  Prof«»or  of  Oenenil  and 

Oenilo-rrinary  SiirRery  in  tlie  New  Vork  I'olyelinic  ;  Vifilinjt  Surfceon  to 

Mount  8inni  ItoT>iii(nl,  etc.      Sold  by  SubMi'ri|iiion.      Clotli,  ti.UU;  «bc«p, 

16.00 ;  half  nwrocvo,  taW. 

ii  TaloaUe  lo  the  ftntnl  vnOUmna  la  ;«»• 
aa  b  makca  dcwia  nUB  and  daaitjr  pi*> 


■■  Dr.  Wyeth  bH  auocceded  In  wnptaning  failo 
IiM  than  difbt  hnndied  Mttvo  Mfd*  a  mon  or  teaa 
cumplote  ilaaoitMlu  of  almoA  arsty  anrilcal  dla- 
BoR  an-l  C'lnilillnn,  WlUilinc  Ibou' Af  Ihr  ooand 
«U.  Thr  chnptM'  no  Uw  Hntun  "(  nRvriot  la  am- 
doubleiltT  the  but  la  the  oonk.  Ibo  f-lita*  bclitic 
beautlfnlly  colorod  and  iwarlj  all  AtMnal.  The 
mlldral*  nt  cti^to-UTinary  dUaaix  KniTiirtiiopBino 
■nni*'7  an  likeviM  tnlly  ditvutni,  and  thnw  an 
blJmaie  knowledge  thereof  «m  the  natt  nf  iha 
•alhor.  The  vaA  thnofhoot  la  onptiniHly  Ulna- 
ironl,  and  mi,i  >«  relkd  Ufm  u  a  bli  f«Uo  to  taxl-huak.  Tbo  api 
bn«li  the  cenrn)  vHKlMimn  and  (toamC"—  "  ' 
OTaaJd  JleJifoi  atil  Surfir^i  JboniaJ. 


"  A  m-xlns  ten-honli  ea  Miiwy,  pmvlile.1  U 
freftaaei  to  i^>e  inlliin  a  nfxii'reln  ivcipaw  a 
•ocMbMoi;  awovot  of  tfae  ^uant  ranye  of  lur- 


■mta  Uieir  uiidr«ivin)t  |ein(4ptw.  Gaucbw'it  on 
tbi>hMlik»eBrr:iv>n''<iiml  tlini  Dr,  Wjetb'aimk 
nlll  ipeeiUlr  Ukv  a  pri<miticnt  i^law  In  the  IMMni 
of  the  pmnailon.  ...  In  janiculw,  wc  wonid 
conmii'Oil  thir  t^are  that  b»  bn'ii  htalaTcdoiil^ 
iniiHirfant  inaKcn  of  ■urv''^  Umalac*.  "rint 
inn.  and  the  tike.  Th^r  •Iviaila  Tic  at  ibe  veiy 
Ihundatioft  of  tutnm  in  (luciaal  piB(>tli»,  and  too 
inuch  atUntlon  can  Muody  be  iilmi  to  Iheni  Is  o 
taxl-huak.  Tbo  apocanJUD  of  lb«  hooli  b  In  lh« 
hljclieal  •Went  en^lltabl*  lo  Iht  iiiibllihen :  Itx 
pflnl  la  cimr,  rhe  papsr  I*  auellvnt,  mhI  Uio  IIIu^ 
(lallnns,  vhloh  ani  iniwi  m  m  ami  nearly  all  utiui- 
nal.  are  mkou  Ik*  beat  of  thelf  v\am  that  wt  )>•(« 
•e«D.    They  ineluik  anile  a  nuBbei  pdniad  1- 


I 


5d 


J).  APPlETOJf  S  CO.S  TLLUSmATRn 


tnoom  -t  UumuBOM. 


*' .  .  .  Tb«  wrltltiit  of  •  mnrr  tliat  ihnll  ba 
IHW  Id  Ita  iMttar  !■  ■Implj  ImpoMubl*.  Hut  the 
■iithor  bu  crUli:iiltji  Knit|«l  uil  iliituatM  Ctiu 
foou  oT  aurgcry  u  kniwn  to-tlnv,  nnJ.  aftvr  flnJ- 
Ina  IhcM  which  b«l  milttd  hw  nnclieol  work, 

EtMDDUd  Uunn  la  hi*  uofibdicnal  Icllov  -  iroricen. 
Uni*  vwld  nrilo  •  diflttrviit  work  ftuin  t)ic  Mine 
data,  bMtitot  Du  Iwo  iniDil*  run  in  tlio  *anio  >llrv0- 
t!"n.  Bui  In  tlila  HUM  IhU  work  la  oruinal.  In 
IIiUmdm  tl  wtti  bo  Iniiiid  IniprciitiiiAiuid  iDatniot- 
1>v  to  all  irtiiJiiiiu  uiil  prutL-ftlnuat  meii.  The 
dUfM'  on  tbo  l.iiijiBlioQ  of  Artenui  1*  wcirtli  the 
prtve  of  Dm  antire  work.  Th"  iltuMral'tonn  nni 
■uperb,  aboirtiig  hi  oolor  Ihu  f-.M'  i'>  Iw  ni"!  *  iili 
In  tliv  reaehlng  oT  atlorlD*  In  ccoo  ponion  il  iho 
bwlv.  QalU  V  lni;"'rtiuit  aiiJ  w  bitaulirallf  lllua- 
Intod  u  llio  clm|>Ur  "ii  miiiiituti'inii.  He  who, 
poaKadiia  proper  auttlotuiisl  KiiowUdice,  oauld  not 
bj  tlio  dn«nlo«a  hen  trivoD  pdrfonn  IhoM  ompu- 
Uttoius  abould  be  coDTllieoil  ihut  ht  boil  uiawd 
Ua  oalanit."— Jnw»*«n  L%ital. 

"  A*  ■  irpeolnitflof  lypojiraphioal 
■ad  book-lukon'  work  It  i>  iiiibi> 
oBpUeaabl*.  It  i*  ons  of  tlic  \\axii- 
•omMt  wcvkk  evvr  puliluhcil,  U 
V^tuAj  anil  teaullfuIlT  illuwnbtil, 
baftnc  TTI  annuvioicii.  of  whiob 
aboutlfty  are  ooloml,  and  i>  prinUd 
In  Unro  lypo  on  huvj  papct.  Nor, 
when  wo  have  pnuHW  tha  muohaDl- 
ctl  work  cil'  tlio  book,  harr  wo  iflvsa 
alt  uf  Lt>  lucrlli.  It  la  uiidoubledlf 
a  Wdful  anil  tuavcnleiit  iDanuol  of 
■urmr)'.  The  author  luu  kept  lilnt- 
Btlr  Ilt<it«U)lhl;  poited  In  tli<^  |<r#Tni 
lilenture  oflili  profeariiin .    i.l   I..... 

lD00*poT>Uil  In  hi*  book  \ 

of  thv  ialml  aolilevcmaiii.  i" - 

tioill  ill    lUIWry.        Wu     li.  .I.'..      'I:i' 

book  In  kw  tliv  prodLiolioii  '  '  .'.""1 
and  «ou*olciitloiu  fiirpfcm.  sni.^  nin 
taMy  naoDuuBiiil  II  to  the  prDlia- 
Aimr—llvliad  UtraU. 

"Tlio  ppruMi  of  thin  hiHik  1? 
any  one  liitcrwl«l  In  ■iirmTv  (an 
not  Ikll  t"  affonl  both  plFuutn  and 
inaUuction.  .  .  .  Tlir  illiuimioDB 
oonKituto  a  (pedal  laatur*,  fbi  Uiey 
are  iiasd  unifiarliiffl;  throufliout  Ihia 
aotifo  work,  and  an  or  a  very 
impfrinr  order  of  nierlt-  .  .  .  The 
l»»K  i«  well  wrltuu,  I^ll;  np  with 


Um  pnarait  alatua  "f  •mcfji  I*  a  (i*dil  alU«  | 
autnor  and  publitbcri,  and  aooM  tw  von  oM 
■I  dontik  the  ffkc  (temd  ftv  it.     It  aSicd*  i 
(ilaaiin  b>  bxiV  oTir  a  book  whkh  we  <mi  tin  _ 
paiaa  vilhnnit  ■liai.  kiiowlof  that  we  taji  aay 
nothing  in  no«M  of  it>  mitrilL"— ^«IAn  CUfit. 

".  .  .  Ila  nailrn  will  Iiart  tK<ttiiae  dnlvcd 
ftvm  it*  Btudy  to  ralnm.  It*  l«aohinir*  ai*  Iha 
atotptod  one*  ej  (o-div,  wbiv  within  k*  mailj 
SH>  |<>ii»  «>  liave  fontid  but  vcfy  ftiw  nninflaoa* 
■entniMa.  ...  In  touolutlon,  we  tniy  vkj  that  Ik 
beok  la  chuwforimd  Ihauicli^il  ^1  ceod.  | 
eennnon-Miw),  wide  rumivti,  om^wIUi.. 
■wnl  *■  lo  wliat  *hauld  b«  kfl  out  of,  aa  1 
vhal  ahuiild  «nt«r  Into,  a  work  of  Ihla  txa^ir 
Oaaodii  £aaoi<: 

"  l>r.  Wjvili  baa  imeared  ■  vti]'  Koalltft 
tiMonnnentl,  in«oMM(nl,Mtd«lMntir«*ini, 
.  .  .  Tboaork  .  .  .  b dUllBHlv wl»t It dalm* I 
b^  *A  TvU-Bmk   i>u  UtBtnd,  OporaHre, 
Ucohaaiool  Surv*;; .'  larvdillj  pnpamJ  M)d  f._ 
mi  f>  all  the  loodiTii  impiovMiienta  in  aunnrv^ 
— <Wv  Yvrh  itUioxl  nm-.  ' 

•'.  .  .  Tho  tminsol  (uiicDon,  Ur.  Wyeib, 
bite  creunted  a  moM  ralnalil*  tiiudi 
Thouiili*tyloia taxt-book, it laadiuinUy a  .,.__, 
ta  B  work  of  )t<brene«  ftv  (Kc  «iMlpo«  ami  (Mdl* 
lioner,  girinji.  ■•  <l  <tMa,  ih*  icoent  aad  adnatad 
view*  npiiQ  all  niiviailpreeoduna.  .  .  .  Inahnt 
thetatlr*  book  ciitum  the  work  of  a  niOHor'iiiBiM 
and  a  «up*ri^>r  epenitor  In  ■nnrerj."— .Smll^a 

"  A  auiyoati  who  hui  in  hi>  library  tuoh  w< 
a*  Ainiuw'*,  droi*'*,  lloniltlan't,  Aal'Onra,  ' 
tem,  •:t'.,  innjr  Uiink  that  ho  Dtcda  no  MW 
but  «'o  vmlDn<  tlio  oinuion  thai  It  be  leai 
aork  b.-  vlll  bay  II.  Tlir  Imt  tiiinff  l^ut 
L>ltrn(4  liliii  t*  ibc  iilo(.iuit  i-olo(cl  illiiatnUiom- 
tlic  it*w  Diiln  und  the  pvrlect  pma-work.  Thm 
Ibe  (enKin>.'«  mid  viirir  of  the  etyk  In  wbldi  h  L« 
wHiIen  will  dol'uiht  fiiia,  and  a  moraoutiipltcc  ti- 
aminatioD  will  oonvlxiia  bini  that  the  book  !•  m 
ruH  of  niMt  that  ho  ou  not  do  wHbDut  iL"— A(<- 

i^racnua  or  ItiHtsuioa. 


I 
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Beporta.  iJvlloTuc  nnd  Charily  Uo«iHta]  Rvporta  for  lATO, 
ootitaitiiiig  vxliutbic  coiiuibutioriH  from  Isaac  K.  Tatloh,  M.  D^  Acstix 
FlIKT,  M.  D.,  I.KVrw  A.  8*YRK,  M.  U.,  \Vu.i.iam  \.  IIaMMo;*!.,  M.  D., 
T.  Gaillaiii>  Tiiumai;,  M.  I>.,  Fbank  H.  Haaiii.tvk,  M.  [>.,  and  otbenu 
8vo.     415  pag«e.     Cloth.  «j.O0. 


"Thw*  JMlityrtew*  we  tfa  mort  Impormii. »    MBMctMliriihth«in«(«MfcBa«M(Htl«t»aiiunw 
Ar  pMliiu*  ■luJ  ntiaty  of    tli*  flnt  in  Uxir  prolWha.  ud  tb«  voliM*  1*  an 


npnla 


cdnUi 


gMO*  inMod,  i>r  wif  ixi  Uil>coutiu«iU.4ad<n<Mr 
'  by  but  bw  IB  111*  Bui'ld.    Tn«  gBDtlenMB 


kmponMI  addHkoi  to  Uw  nrolOMioMl  liluvlun  of 


roomal  of  Cutaneous  and  Oenito-Urinary  DlseaBM.  Rditcd  b; 
Priscb  a.  Mumunv.  A.M.,  M,  U,  and  Joiix  A.  Fuuhvck,  M. D.  Siih- 
•cripiioH  price,  |e^50  per  anDum. 

"The  New  York  Mixlical  Journal,"  $5.00;   "Journal  of  CnUneous 
and  tienito-Uriiiarf  Di»ca«<«,"  #2.50 ;  Club  rate,  *7.(W  yvt  aiinutii. 

Wilh  ttie  luabar  Ibr  JMraai? ■  ISttt,  tiu*  Jmmul  omm*  aiica  llw  wrtalh  jcu  nF  tt>  iwMioatioB. 
T)m  billon  of  iha  Journal  liu  Msu  one  oT  pmcreMoit,  Mai.  \a»im  tbo  prtMnt  ntlturial  maniCBrecnt, 
Uim  oui  be  n»  doubt  Uul  it  <rill  fiwtfTt  uiil  mcmae  ihv  nputulan  olretdy  nublbhed. 

D«if«ed  to  the  (lUMM*  IndlcaUil  in  lt>  llllc,  tba  -Ir-unuJ  vMI  be  <«a«>tbul(id  to  by  ilie  bom  MnlMltl 
-bmuOolofiMa  uul  iijrplitlacnDbsni  in  Uiii  rouDUy.  WlwniBr«rllMiulpM*r«qnirMiIliiMralio«,  wood- 
cut* or  diRHDa-lltliuKtapha  vfll  b*  onpli^jrv-l. 

Idtten  (Vooi  Knrope,  «w  ot  xoan  ai  Blikti  Hfll  ap!'**''  ^  **<A  t^vae  of  tba  Jonnul,  *lll  kocp  tlie 
nadar  kilbnMd  vl  tbo  ailTaiica  in  lbl»  denailiBaiii  ol  mnfidnr:  at  lb*  n«al  medical  cMikn,  Vlcnita, 
~  ma,  and  I-mU. 

A  RHlu»  of  Ui«  Jonmal  vill  ha  Ilia  puMlottioa  of  abrtnww  of  Inaalalkai  «r  nolaUa  paftn  aaJ 
■lonioiin  rh>m  Ibrocn  jatnMJ*. 

Due  jimnklmaM  gill  be  gtren  toSodetyTnaMMloni,  InelndlacpipanNadandthedlKDMloMliul 
cRoiL,  HI  lar  aa  thay  haTs  a  bearina  npcm  tlit  autfltpu  W  >M(fc  IM  fanaa  of  tka  Journal  an  deiolod. 

Bath  UiQ  flilton  aod  thu  pnlilialHTi>  will  (>IK  IbRh  avtiy  ifbR  to  malt*  Iba  Jnund  inainurllTa, 
•Bna(lva,and  a  rapnaonlMiirv  on* of  >U  cUb;  nod  tlinf  Ital  auniul  ikat  arcfT  piMtiiimor,  whoM 
nork  brint!*  hia  in  oontaot  with  cutancom  or  fcalto-nnaujdifMMa.  wUlflndlt«f  fi«M  value  and 
Mritanto  to  luai. 


le  Now  York  Medical  Journal.  A  Weekly  Review  of  ^ledicion. 
Editcl  by  Frank  C.  KitsTER,  M.  D.  The  voIuiui-h  Wgin  with  January 
and  July  of  each  year.  Sub««riptionii  can  be  arranged  to  begin  with  (he 
volnme.  Terms  Payable  In  Atlvance :  Ow>  Year,  ♦.'i.OO ;  Six  Montba, 
*3.-'iO ;  Sinjjle  Copy.  10  cent*.  (No  subMriptions  rtfc«ived  for  Iciut  than  six 
montba.)     Binding  Ca)»c«,  Cloth,  50  c«nta. 

'■Tlip  Popular  Scjenoo  Monthly"  and  "The  New  York  Mwlioal 
Jonmal "  U>  tti«  Mune  addrcaa,  $8.00  per  anniiin  (full  price,  910.00),  paya- 
ble  in  a<)ram;«. 

"The  N«»  York  U»4ImI  J<Hnul,"  naw  in  tlin  t>*nt;-rourUi  jrmrcf  ila|«ti)lMdoa,i«putj|Ialiod 
vrtrt  Sainrlaf .  fA  mmbtr  ointwntii'  tnonir-uiiiltt  Xtrgv  douMO'ealUBUnl  (ofea  oT  nadhut  matlvr. 
By  mawtt  ttt  MwconitiMJ  (h»«  in  •Wi*  Ute  niatlcr  la  airanffrd.  il  'm'Si"*  """•."'4'?KS!"*"'.V'*'' 


any  other  tawnal  of  In  cImi  In  tbe  Oalled  Kuta*     It  !•  al»  wi*  fn*l/  )tluMrBtMl.andltoIUB«r«ioDa 
lira  KeneratlybeliaraiMMad  than  la  UiaouonltliotlMr  wMkly  Joamab. 

RKASoss  wnr  rarsir/AXH  hboold  sassoaiBs  fob  tbe  jocbsai. 

"^AV^V.:  Ifui^  LSAD/XO  ./0(7ffA'Jjt of  AmTiM,Md«o«iiain*nifln tMdla(Ban*rt)ianMiy 

nilicf  /oamal  of  it*  eUsi. 
SAC^E :  It  u  ih*  nponmt  of  the  miM  Kltanool  KtmtiBe  nadU  lhH%tlA. 

htrSE :  ti>  tooutbaior*  atn  nnf-nc  Iho  a>o«  ImtiiM  wrilwl  b>m  nf  tkl*  eooDirr. 
SAITAK:  lif-OrishMl  Attl<-W>"nr>>  ih«  imuIu  of  attmlUe  otMmDon  and  mMrob.  and  an  of 
■nlnitf  (•nitloal  (aloi  lo  lb>  iMKnl  pfartlllnoer. 

kaSE :  Th-  "  B«pnn*  -m  ilie  I'mfm*  of  MmIMdo."  whkh  are  |<ul>ll>lwd  trrmt  ttow  tn  tio».  onn- 
'     th*  rmM  f*((«l  <IUo«T«rU>  la  the  Tarlom  dcfarunenU  ol  (DKficiM,  aad  ax*  wnuu  in 
Huonm  wpwlally  qiHllBad  (br  tli«  puffnaa. 
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BBOADSE:  Tb«i»tunin(l*yDt«dliicwtiBiiiDlNr  to"Tlion(«^«l  NalM"ooatolM  ■  finnUttiht 

(WKtinl  ■ppliortkoi  of  tbg  airst  tmnt  UicniKUtic  novdiiM. 
BECAUSE:  Tb*  Soolrlv  lYDcwdkii)^,  of  wliltJi  cocb  uiunbar «ca)l>iiH e«* «*  mon.  on  itporta  of 

lawxiiMl  M|«riaiui*  of  piwnliMBt  phyddin*,  «i>i«LbiURiv«lolk*  proftiiuton  tjw  rwiiltj  nf  i 

BKCACSE;  Th*  EdlnriBl  Columna  m«  mntnilkd  odIj  by  Um  dialn  to  imamW  Ui«  welte*.  booon 
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